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TRANSLATOR'S PREFACE. 



'.N presenting to the English reader the Second Part of 
^ Peschel's Elements of Physics," I may observe that it 
iras with feelings of considerable satisfaction I received an 
Dtimation from my publishers that the sale of Part I. was 
encouraging as to render it desirable that the work 
hould be completed with as little delay as possible. It 
iras gratifying to find that the estimate I had formed of 
he merits of my author was thus confirmed by the verdict 
f public opinion. The brief intervals of leisure which 
irofessional engagements have allowed me have been faith- 
uUy devoted to the preparation of these volumes. 

I am bound to acknowledge the handsome treatment of 
he First Volume by the reviewers in general ; and to the 
ditors of the Eclectic Review and the Civil Engineer and 
Irchitect's Journal my thanks are especially due for their 
^ngthened notices of it. The suggestion offered as to the 
eduction of all the measures to English standards has 
•een attended to in the present Volumes. The different 
ormulse which occur in the Chapter on Heat have been 
dapted to Fahrenheit's scale; those calculated for the 
entigrade division are likewise retained for the convenience 
f any students who may have occasion to refer to foreign 
cientific works. Instead of a table of the tension of 
team from 32° to 212°, calculated from Arzberger's 
ormula^ I have substituted one at page 223,, Vol. II., 
resenting at a single view the results of Watt's^ Dal<ft\s!^^ 
Ire's, and Southern's observations, loge^Xvex VvCia. ^^ ^^x^^ 
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according to a formula of Tredgold's ; the tables whidi I 
haye thus brought together are borrowed from that gentle- 
man's work on the steam-engine. 

Instead of detaining the reader with any remarks of my 
own as to the general plan of the work^ I would call bk 
attention to the extract given on the next page from Bi. 
Peschers Preface. 

I have added corrections of such errors in the first 
Volume as had escaped my notice at the time of its passii^ 
through the press; I have endeavoured to render the 
present Volumes as accurate as possible ; bow far I have 
been successful, it remains for the pubUc to decide. Any 
suggestions that may be offered for the improvement of a 
second edition will be thankfully received. 

Amersham, 
July 14. 1846. 
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THE AUTHOR'S PREFACE. 



^^ A MATTER of considerable difficulty in the preparation 
of a manual like the present is to determine the just pro- 
portions of the respective sections^ chapters, and para- 
graphs^ so that the subject shall be treated of in a manner 
neither too brief nor too diffuse. The purpose for which 
the treatise is intended wiU chiefly guide the author, who 
may yet, after all, be biassed to some extent by his indi- 
vidual views ; for this reason a few remarks are added, 
explanatory of the course pursued. 

^^ Among the Chapters that treat of the physical forces 
in general is one in which the leading phenomena of 
chemical attraction are explained. The varied relations in 
which Chemistry now stands to Natural Philosophy renders 
some acquaintance with its leading principles indispensable, 
or else many points in natural science, and especially what 
refers to Electricity, will be unintelligible. The chapter 
allotted to this subject is restricted to an explanation of the 
laws of affinity, the chemical division of substances into 
simple and compound, and chemical nomenclature and 
symbols ; details as to the properties of particular sub- 
stances are omitted, as belonging rather to a treatise on 
chemistry. The dynamics and statics of solid, liquid, and 
aeriform bodies are treated of in such a manner that a 
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student may gain a theoretical knowledge of them 
the aid of the higher mathematics. Crystal! 
occupies only a few pages^ hut the strength of m 
and the application of a solid's elasticity to measur 
are discussed at length. As the undulatory theory 
stantly extending its domains in the physics of imp 
ahle bodies, and is daily gaining new adherents^ it is 
sary to keep it in view in compiling a work on the e 
sciences. The basis of this important theory is tht 
trine of undulations, for the scientific developme 
which we are indebted to the MM. Weber. Proi 
Eiseulohr's services in this department are so greats 
his views so comprehensive, that the chapter on this sul 
in his excellent '* Lehrbuch der Physik," appeared to 
author an unexceptionable model, and he has accordii 
adopted the same systematic arrangement. In the sect 
on acoustics, but a cursory notice has been taken of 
theory of music, as being most in accordance with 
character of this work. 

'^ In the Second Volume the phenomena of the imp< 
derable substances are explained, both according to 
undulatory and corpuscular theories ; in this portion of 
treatise the phenomena attending the interference, the 
fraction, and polarisation of light, those of radiant h< 
&c. &c., will be found to be handled at such length as 
Hmits of the work allowed. The greatest difficulty ^ 
how to treat of Electricity, especially with reference to 
theory of voltaic electricity, the range of electrical scie 
having become so extended, and the decision of 
scientific world being still suspended with regard to 
different theoretical views which are held as the origir 
voltaic electricity. The author felt that he must ad 
one view or the other; and though he has decided 
favour of the theory of contact, he has not omitted 
adduce the strongest arguments by which the chem: 
theory is supported ; and, in conclusion, he has presen 
the reader with the sketch of an intermediate theory. 1 
last section treats of Electro- dynamics, the phenomens 
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Electro-magnetism being first brought under review, and 
afterwards those of Magneto-electricity. 

'^ A different arrangement of the type" [which has been 
adopted also in the translation] '^ distinguishes the para- 
graphs that contain the outline and general principles of 
the sciences from the supplementary matter, which enters 
)[nore into detail; it is thought that this plan will be 
found convenient both for teaching and for self-instruction^ 
as affording an opportunity of going more or less 
thoroughly into the subject^ as may appear desirable. 

^^ These supplementary observations contain also the 
mathematical demonstrations of the different doctrines, so 
far at least as they can be supplied by means of the ele- 
mentary mathematics ; experiments which may give the 
impress of truth to the theoretical - paragraphs ; brief 
notices of matters universally known or of minor import- 
ance ; and fuller details of subjects less generally known, 
or with which 'it is desirable that the student should be 
well acquainted." 
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PHYSICS OF IMPONDERABLE BODIES, 



IMPONDERABLE SUBSTANCES, OR ETHEREAL 

POWERS IN GENERAL. 

§270. 

The phenomena of Light, Hectt, EkctricUyy and Magnetism are 
so peculiar in their nature that we cannot assume that they 
result from those general and fundamental properties of matter 
which have been treated of in the former volume of this work. 

The distinguishing characteristic of these substances (if such 
they be) is, that they are not permanently resident in those 
bodies in which their presence is observed : they also affect 
our senses peculiarly ; tlius, light excites no organs but thtise of 
vision, heat acts only on our feeling ; electricity, on the contrary, 
influences all our senses, whilst magnetism exerts upon our 
frames no perceptible influence whatever. Light appears to be 
diffused throughout the universe, but heat, electricity and mag- 
netism, have not as yet been proved to exist beyond the limits of 
our globe ; it is, however, highly probable that their range is as 
wide as that of light. 

§ 271. 

The generally prevailing theories by which it is proposed to 
explain the various phenomena of the imponderable substances 
- are two. 

Some philosophers assume for this purpo^ \\ve ^i\<&\.^w^^ Ck^ «u 
peculiar class of substances differing from a\\ t\i^ o^\vcx ^<ira\& o1 

^ VOL, U, B 
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matter in this, that they are not subject to the laws of gravitf, 
and that they are consequently destitute of weight, whence the 
term ImpontleraUe Substancet : they further suppose them to be of 
so subtile a nature as to pass through all other material bodie^ 
by which, therefore, they cannot be either inclosed or divided. 

According to the other hypothesis, a certiun imponderaUe, 
highly elastic fluid, styled the ether, is supposed to fill all spaee 
throughout the universe, and to occupy the vacancies between 
the atoms of bodies : on this fluid different forces are conceived 
to act, so as to produce the effects known to us as light, hett, 
etc. 



§272. 

'flicse ethereal forces, whose nature is involved in greit 
oliHcurity, possess one remarkable property, called Potarity^whUh 
is most perfectly developed in electricity and magnetism. 
Polarity consists in the tendency shown by two contrary polar 
forcen to become united, and in the efforts of each polar force to 
excite its opposite in other bodies, whence similar polar forces 
invariably repel each other. When these opposite forces efl^t such 
a union as mutually to destroy each other's energies, all their ex- 
ternal operations cease, and the forces are said to be neuiraliaed axxi 
the condition thus obtained is one of equilibrium or rest. Polar 
energy displays itself in a disturbance of the polar forces by external 
cauMCN, and this disturbance continues until a perfect neutralisation 
is re-established. When the forces are in this state of activity a 
limly is said to be polariaed, and the points at which their energy is 
most strongly marked are denominated poUs. The signs + and—, 
which represent opposite values in mathematics, have been 
adof)ted as the symbols of these forces ; whence the law of 
polarity nmy be thus expressed ; + and— polarity represent at- 
traction, ♦- ;md t or— and— repulsion, and equal + and— give 0, 
i.e. neutralisation, equilibrium, or rest. 

l«'rom the rapid advances recently made in this department 
of natural science, and from the analogies which present 
themselves between light and heat, electricity and magnetism, 
w<! are led to the conclusion that, probably, the phenomena 
of these four ethereal forces are, after all, but modifications 
of a hijrher principle with which we are not yet acquainted ; 
a principle that, perhaps, plays an important part in the 
obscure operations of that vitality which animates all organ- 
ised beings. 
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LIGHT, HEAT, MAGNETISM. 



SECTION I. 
LIGHT. 

I. OF UGUT IN GKNKRAL. 

§273. 

Light renders all external objects visible ; the organ through 
le medium of which we become acquainted with the universe 
round us is the eye, as the action of light upon it immediately 
Sects the optic nerve. Light has also the property of otmi- 
lunicating heat and producing certain chemical, electrical^ and 
uxgtietic (?) ejffects^ so that it exercises an important influence on 
11 organised bodies. 

In the following chapters those phenomena which are 
caused by the first-named property of light will be described 
and explained, and such as result from the other properties 
we have mentioned will be noticed at the close of this 
section, and in the sections on Heat, Electricity, and Mag- 
netism. 

§274. 

To give a complete explanation of the various phenomena of 
ght, it would be requisite for us to have an accurate knowledge 
f its nature : since we do not possess this, recourse has been had 
3 theories, two of which are the most generally received, viz., 
tie Emanation or Corpuscular Theory, and the Undulatory 
Theory, 

According to the former of these hypotheses, light is an im- 
onderable substance, whose inconceivably minute particles 
roduce the sensation of sight by their action on the eye, in a 
lanner analogous to that in which the fine particles of any 
dorous substance excite the sense of smell. The atoms of 
ght are further supposed to be subject to the attractive and 
spulsive forces of the bodies on whose surfaces they fall, and 
4th regard to these forces to display different degrees of inertia. 
Newton originally constructed this hypothesis, which has 
been still further developed by Biot and Laplace, 

According to the Undulatory Theory., light is occasioned by 
le ether, which is supposed to be diffused t\vTo\3k^o\A ^^^j.^ 
J 272.); this subtile and elastic fluid, wViose demvt^ «.v\d. ^^.s'Cv- 
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4 LUMIVOUI BODIB. 

city are not uniform or unchangeable, b capable of reeonng and 
transmitting undulatory movements ; it is lurtber aasumed tbtt 
irlien a ceruin velocity has been attained, the waves of ether, 
ifnpuifring on our eyes, excite the emotion of nf^t, just as the 
iravi*« of air excite that of hearing. To explain most of the 
pUfutmumu of light, reference may be made to others of sound, 
irhich I'xactly resemble them. 

'Jtiiw hypothcfiis was originally founded bj Z^eteofta, 
Jluytje.n»t and Euler ; and in later times it has been adopted 
and enlarged by Voung, Fresnel, Frauenhofert Henekd, and 
ttiUttr philonophcrs. 

'i'iie greater number of phenomena may be equally wdl 
explained by either theory, yet it must be admitted Ihst 
Home of the more recently discovered properties of light are 
more Katisfactorily accounted for by the second hypotheas, 
for which reaxon it now numbers most adherents. 

§275. 

With respect to the production of light, bodies are divided 
into luminoug and non-luminou». 

Luyniiumt hiniiei are those different sources whence li^t 
emanates, and which are thus visible of themselves. The greatest 
permanently luminous body is the sun : the fixed stars resemble 
him but in the effects they produce, so far as we are concerned, 
they are vastly inferior. Bodies in a state of combustion^ whose 
efficacy is, however, but transient, are extremely serviceable as 
sources of light. 

According to the corpuscular theory, light issues in an 
uninterrupted stream from the luminous body ; according to 
the undulatory theory the surface of such a body is set in a 
state of vibration, and the tremor is communicated to the sur- 
rounding ether, resembling in this a sonorous body. 

The various luminous bodies which serve as the sources of 
light may be classed pretty much as follows : — 

1°) All those heavenly bodies which shine by their own 
light ; of these, as has been remarked already, the sun is the 
chief. 

2^) Chemical light, or that w^ich is obtained by com- 
bustion. 

3^) Electric Light, which under various modifications 
accompanies the development of electricity ; this will be 
treated of more fully in the section on Electricity. 

4°) Light hy Friction, which is obtained by rubbing 
together, or striking cither similar or dissimilar bodies, (not, 
however, all bodies without exception,) either in vacuo, or 
in gases, which are not supporters of combustion, or oveu, ac- 
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cording to Heinrich, under water and oil ; this species of light 
seems to be of an electrical nature, unless, indeed, it is merely 
the luminous appearance of the fragments detached from com- 
bustible bodies. Similar appearances may be obsenred in 
splitting or rending some solid bodies, especially crystals, as 
well as in the sudden condensation and expansion of gases, 
and in the sudden and violent compression of liquids. 

Phosphorescent Light is that which b emitted by many 
bodies at a low temperature, and is unaccompanied by any 
essential alteration in their properties ; it is so feeble as to be 
scarcely perceptible except in the dark The luminous 
appearance of common phosphorus is the result of chemical 
action, for it obtains only when this substance is in com- 
bination with oxygen or chlorine. Of this light there are 
three kinds : 

5) Phosphorescence hy insulation is a property possessed by 
many bodies, in consequence of which, after long exposure 
to the sun's rays, they become luminous in the dark. Wall 
first discovered this property in the diamond ; but it has 
been subsequently found to exist in several other minerals, 
especially in certain varieties of fluor-spar. There iu'e also 
several chemical compounds, as the Bologna Stone and 
others, which retain tor several hours the luminous property 
they acquire by being insulated. It does not cease even 
when the phosphorus is immersed in water, or in gases 
which are not supporters of combustion. These bodies 
become luminous in the dark, on the application of heat to 
them. The cause of this phosphorescence is not yet known 
with any considerable degree of accuracy. 

6) The Phosphorescence of organic remains in a state of 
decomposition. The luminous appearance of touch-wood is, 
perhaps, the most generally known illustration of this pro- 
perty in decayed vegetable matter ; the same phenomenon 
may be observed in animal matter, especially in sea-fish, on 
which a luminous film is formed. In all these cases phos- 
phorescence seems to be owing to a low sort of combustion, 
as the emission of light decreases on rarefying the air. 

7) Phosphorescence of organic bodies during life. The plants 
which display this light the most conspicuously are the 
marigold and the yellow lily, a little after sunset, when the 
atmosphere has been very much heated in July and August; 
probably it is of an electrical nature. The phosphorescence 
of many animals, that of most of the infusoria, by which the 
sea acquires a luminous appearance frequently to a con- 
siderable distance, that of many species o^ t.oqi\sNv3\«&n 
mollusca, Crustacea, and insects, especVaWy t\iaX o1 \)cv^ ^x«.- 
£Jes, scolopendras, and glow-worms, xemavas ^To\A.^ts>»^" 

B 3 



6 TRANSPARKNT BODIES. 

In vacuoy and in all non-respirable gases, it becomes extinct; 
in oxygen gas it shines with increased brilliancy. 
Nmi-luminous bodies are such as become visible only when li^t 
falls upon them from some luminous body. 

According to the emanation theory, non-luminous bodies 
become visible in consequence of their reflecting the par- 
ticles of light which impinge on them ; according to the 
other hypothesis, the waves of ether recoil from the surfoees 
of these bodies, just as the waves of sound rebound and fisnn 
an echo. (§ 206.) 

The heavenly bodies which shine only by reflected light 
are the planets, their satellites, and probably, in some 
degree, the comets also. 



§276. 

Bodies, considered as to their capacity for transmitting light 
through their substance, are divided into' trangparent and 
opaque. 

Transparent or diaphanous bodies are such as give a free pas- 
sage to light through the matter of which they are composed, or, 
in other words, they are such as admit of our seeing other bodies 
through them with a greater or less degree of distinctness ; as 
instances we may mention the atmosphere, water, and glass. 

A perfectly transparent body does not exist, for such a body 
would allow all the light which falls on it to pass through, and 
as it reflected none it would itself be invisible. The greater the 
quantity of light a body transmits and the smaller the portion 
reflected, the nearer it approaches to perfect transparency. The 
following experiment will shew this, as to one of this class of 
bodies. 

First Exp. Admit a ray of light into a darkened room, 
and let it fall upon the surface of some water contained in 
a glass vessel with parallel sides. The ray will pass through 
the water, but some portion of the light will he evidently 
reflected from its surface. ITie same will be observed if for 
water we substitute a thick plate of glass. 
There are many degrees between perfect transparency and 
absolute o])acity, for each of which gradations distinct appella- 
tions do not exist ; bodies, however, which occupy a mean 
position between these extremes are said to be translucent. They 
permit the passage of so small a portion of light, that other 
bodies cannot be seen at all through them, or if seen, but imper- 
fectly ; such are foggy air, paper saturated with oil, laminae of 
horn, &c. 

Some 'of the most transparent bodies are, the atmosphere 
on a clear day, a few of the other gases and va^iouxEa*. ^Vvv^ 
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d^ree of expansion ; most liquids and many solids also are 
more or less transparent. This property depends, not 
merely on the absolute transparency of a body, but also on 
the density of the medium through which the light passes. 
The thicker any substance is, the less is its transparency. A 
very thin plate of crown glass would seem to be perfectly 
transparent, but if several such plates were to be piled one 
on the other, their transparency would be foimd to diminish 
as the number of plates was increased. For a similar reason, 
distant objects being viewed through a large extent of the 
atmosphere, are less distinct than those which are near to 
us. No exact connection has yet been established as existing 
between the transparency of a body and the material of 
which it consists. The regularity of its internal structure 
(§ 88.) and the polish of its surface exert a considerable 
influence on the capacity of a body for transmitting light ; 
on this account colourless crystals are highly transparent. 
A remarkable proof of the correctness of the above remarks 
is furnished by the diamond and common charcoal, as also 
by the fact that many bodies acquire the property under 
consideration, if their pores be filled with either oil or 
water. 

Second Exp. Ground glass is not transparent, but by 
pouring oil of turpentine, or indeed any other oil upon it, it 
is rendered transparent, or at least translucent in a much 
higher degree. — Hydrophane. 

Third Exp, Two plates of ground glass may be . 
rendered transparent by pouring a little oil of turpentine 
between the surfaces in contact. 
Opaque bodies are all such as obstruct the passage of light, 
nd through which consequently objects are not visible. 

It is probable that no body whatever is absolutely opaque, if it 
»e reduced to laminae of sufficient tenuity, since light is found 
pass readily through leaves of gold and other metals. 

Fourth Exp. If a pane of glass l)e covered on one side 
with leaf-gold, objects will be seen through it, and a greenish 
tinge will be imparted to them. 

According to the corpuscular theory, transparent bodies 
allow a passage more or less free through their substance to 
the particles of light, and opaque bodies are supposed to be 
such as light cannot penetrate. According to the undulatory 
theory, it is assumed that transparent bodies possess the pro- 
perty of transmitting the luminous vibrations of the ether in 
the same manner as the vibrations of the atmosphere are 
imparted to solid bodies ; the particles of ether that oceuigiY 
the spaces between the atoms of the tTal\s\iate\^^.\^o^\^"s.\i'i^^^^ 
put into a state of vibration. The degree ol «i\>o^^'?. V't'^^'^- 
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parency is further supposed to depend on the intensity with 
which this vibratory motion is transmitted on the opposite 
side of the body. Bodies which are perfectly opaque will 
by this theory be such as altogether destroy the luminous 
vibrations of the ether. 



II. THK PROPAGATION OF UOHT ; OPTICS. 

§ 277. 

Light is propagated in riyht lines firom every luminous point in 
a homogeneous transparent medium, and every such right line 
proceeding from a luminous point is called a ray of Ugkt. ' The 
following experiments will serve to shew that light is thus 
propagated : — 

Fint Exp. Interpose any opaque object between your 
eye and the flame of a candle, and the latter will cease to be 
visible to you. 

Second Exp. Admit the sun*s rays into a darkened room 

through one or two apertures ; the light will appear in the 

form of straight lines or rays. 

Since a luminous point is visible in all directions, we infer that 

light is propagated in every direction in divergent rays ; in other 

words, by radiation. 

According to the corpuscular theory, light is projected 
eccentrically from every luminous point, like the radii pro- 
duced of a sphere, and the term ** ray of light" is used to 
ex))ress the direction in which an atom, or a succession of 
atoms, of this matter, is supposed to move. 

According to the undulatory hypothesis, the propagation 
of light proceeds from every luminous point in all directions, 
conformably to the laws of undulatory motion. (§ 226.) 
Every line that can be imagined to be drawn perpendicularly 
to the surface of a wave of light constitutes a ray, and if such 
a line be produced until it is terminated in the luminous 
point, it will give the direction in which the undulations are 
propagated. 

• The following explanatory remarks will perhaps render the 
above condensed account of the undulatory theory, as far as 
,' regards the propagation of light, more easy to be understood ; 
they will also serve to shew more plainly the positions occu* 
pied by the different particles of ether. 

I^et us suppose, first, that light is propagated from a 
luminous body only in the direction of A B, Fig. 1 ; then 
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all the particles of ether lying in this path will be put into a 
state of vibration, the directions in which they move being 
perpendicular to A B. Let Fig. 2 represent a perspective 
Fiff, 2. view of the portion a 6 of the ray. This 
motion of the ether will consequently gene- 
. rate a progressive undulation (§212.); the 
curve j^. 1 will represent the situations of 
the different atoms of ether at any particular 
moment of their undulation. In the line A B the particle a 
would vibrate constantly in the circle a^ a* ; on arriving at 
a^ its velocity would be nil; but as it returned to its original 
position its velocity increases, until, on reaching a, it will 
have acquired its maximum. In consequence of its inertia, 
the particle will still move with retarded velocity to a', at 
which point its velocity will once more be nil; when it will 
commence its return under circumstances exactly similar to 
those already described. This vibratory movement of the first 
particle is not imparted instantaneou^y, but successively to 
the other atoms in the direction of the ray. Supposing that 
alt the atoms of ether in the line A B were in a state of re- 
pose when a began to vibrate, then they would all acquire a 
similar movement in succession as they were ranged from A 
to B. Thus, whilst a performs one complete oscillation from 
a* to c^, and back again to a^ the motion would be imparted 
to the next atom, 5, which would begin its first vibration at 
the very moment that a was beginning its second ; from that 
point of time, therefore, a and h would perform similar vibra- 
tions, i. e. they would make their excursions in the same 
directions simultaneously, they would return to their original 
points, a and b, together, and would together arrive at their 
greatest distance from A B. Reasoning in like manner, we 
may further assume .that the particle c will commence its 
first vibration when ( is beginning its second, and a its third, 
and that from that moment c will make corresponding vibra- 
tions with a and b ; these consequences may be inferred to 
apply to all the atoms as far as B, where the ray was supposed 
to end. 

Now^ when all the atoms of etheT composvxv^ >i)cv^\vc\fe K.^ 
Aare acquired this oscillating movement, tVie w\w«N. ^\^\»XkWi"^ 



a' b', or mil ho, will constitute a camplete iciio*. All the pir- 
ticleii of ether lying eiaclly betvcen thcH fint-named poiidii 
I'll, f, g. i, wnich are just hal/" a mri from the tbrmer, m 
in an oppD§ite atate of vibntion, bo that vhcn a,b,e,^t^ 
attain their greatest distance, a', V, c', aboie A B,f,f,K 
will beas &r below it at the points /, ^, il' ; all the putUa, 
however, uiivesiiaultaneousljatlheir points of repon,a>l,A 
aiiil_^^.A, only it must be borne in mind that Ibej pi* 
each other in opposite direc^ons. 

From these connderations, it follows that all the pattiela 
of ether in the diieetion of a ray of light, which ate at tbe 
distance oF 1, 2, 3, 4 ... ■ waves apart, yibrate with eqiol 
Telocitics in the same direction, but that all which are ^, I^ 
SJ, HI. . .a + J, wBies apart, moie with equal but oppoole 
Tclocitiei. 

If; now, we further suppose that light is propagated from 
aluminous point in a plane in all directions, with equal force 
and velocity, it is cleat that we shall hsie a system of eirculn 
waves, resembling tiiat which obtains in non-elastic BuiJs 
(§^16). i^jT- 3 will be a tolerably accurate repreaentation 

^__il_____^ ^ The particles ofether 

/>^^^^____~"j--[/\ proceed from the lu- 

llut it has been already stated that light is propagated in 
(ijf directions 1 in order, therefore, to obtain an accurate ides 
of the radiation of light, we must concwie the circuHi. waves 
Fit). 3 to revolve about one of their diameters as an aiis, so 
as to generate spherical waves, in which all ihe atoms of 
ether vibrate equally. 

§278. 
The Canxra Obmra (aa invention of Porta'*, in the mlddlt- at 
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e 1 6th century) acts on the principle that light is propagated 
right lines. This instrument consists of a darkened chamber, 
to which the rays of light, from an illuminated object, are ad- 
itted by means of a small aperture ; these rays are received 
>on a white screen, and thus every point of the object forms a 
^ure coloured with its appropriate tint, the figure being of the 
me shape as the aperture. These figures, combined, form an 
verted image of the object. 

Fig, 4. Let A B Fig. 4 be the object 

from which the rays pass through 
the aperture c into the darkened 
chamber, and are received on a 
vertical wall ; the ray of light A c, 
which descends from the head of 
the arrow, will produce the image 
of the head at a ; whilst the ray 
B c firom B ascends through c and 
depicts the feather at the top of the 
image. In like manner, the rays from all the intermediate 
points between A and B pass through c and impinge upon 
the wall at different points between a and 6, so as to form 
altogether the line a b, which is necessarily an inverted image 
of AB. 

Exp. Darken a room completely, and make a small hole 
in the window-shutter, so as to admit the light from external 
objects, and they will be depicted on the wall opposite to 
the opening ; it will be better still if a white screen be placed 
at some distance firom the wall, as the objects will in that 
case retain their natural colours ; on whichever surface the 
images are received they will necessarily be inverted. The 
smaller the opening the more clearly will the outline of the 
object be defined ; the light will, however, be proportionably 
lessened. As the size of the aperture is enlarged the bright- 
ness of the picture will be increased, but the distinctness of 
its outline will be diminished in the same ratio ; and, lastly, 
the proportions of the image are increased the greater its 
distance from the aperture which admits the light. All these 
modifications are easily explicable from what has been already 
said with regard to the formation of these images in the § 
above. 

§ 279. 

If an opaque body be enlightened on one side only, the side 
'hich is more remote from the source of light will continue dark, 
nd beyond it there will be a space not aftecledXi'^ W\fe\\^\.%^v5» 
institutes the shadow of the opaque body •. \V atx-^ oV>\fee\. vcv\.et^^\X- 
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U' t^o lun)tiKHi> bv«o>« j:^ Iei iacc is alwttvs th« ease, coanrtt not 
of' ono inn o;' MM!iy !u:iniK>u:« poiitcs. thett tihe spde« V^ iimJ the 
o(>a«{Uv' v>Lm«.v: ^ i I ^vr.i.tiu cwv> shdouws> cnc. the mtftro* wluch k 
pcrtvvilv vUiWt i'-'aI 1^0 /KMM/M^/'f, which :s paittaltT illitmiiiBted, 
nni whioS is h-crukvl ort' l»> i:i»i.»ciwuciblc dejcrc^s till it anifCi 
at ivrtivt li.;'!t. tVr iM>la«ivv% Ice I nu jfy^ 7., rvprooKt die 

luniliioaH bixiy or line from wbich 
th<^ U^ht pnx««Us« and let ■( be 
the vi(Nk{Utf objecc which it ilhini^ 
iiutetK then the umbr« will be tlie 
s(>avx^ c^Hitaincd between the lines 
iac ami mbK\ uu both sides of which 
art* the (H'luunbne^ between a e, »nA 
a J> aiul 6 c, and 6 f. 

C\uuitructioii of the shadows 

in ^H>metncal diawings. 

AVhy the sun*$ rays are assumed 
to l)e parallel. — Complex 
shadows when there are sereral 
lamps in a room. — A shadow is invariably darker in pro- 
j)ortion as the space by which it is surrounded is strongly 
illumined ; hence the deepest shadow is always bounded 
by the brightest light. — Day and night upon our earth. — . 
Shadows made by the sun and moon. The effects of the 
umbra and penumbra in card-board transparencies. 





tin Ajfra of iBtanimiling pomr poauued bj the light which 
"Xaiutes from any luminou* point depends 

J ) Ud the dilana of the luminoui hody, 
9) on the abuiiiti infmify of the luminaiu bodj, 
3) on the amount of the abtarplim the light lulTen in iu 
pasage through the particular medium it hai to traveise, and 
1.) m tAt attgii at wUek tit niyi Mri*c the an/act of thi 



In consequence of the propagation oflightb; radiation (gSTT.) 

Jie digtance of the luminous body increases : the same law holds 
;oDd ID this insUnce a> in all other cases of efiecU acting from a 
entre (such as graiit;, g 39., and sound, § S60.), vii. (Ax'ofM- 
ity of tit lipht dimiHuAtf oi lit iqtiart of tit diitaHa from tht 

Thegeneral eipressioQof this law will be; 1=|^, 1 heing 
the inlensitj and D the distance from the luminous body. 

According to the preceding law, it would require four 
candles at a distance of two feet, or nine candles at a distance 
ofthree feet, to give as bright a light as one candle would atTord 
at the distance of one Ibol. — If the distances of the planets 
from the sun be given, and the degree of light enjoytd by 
our earth be reckoned at unity, we can easily calculate by 
this Idw what will be the intensity ofthe light ei^oyed by the 
other planets (supposing theit atmosphere, &c to resemble 
that of out earth), llieae proportions are presented to the 
eye at ■ single glance in the following table : — 
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is parpose are ailed J^tomiltri, TbOK Vvweirtei V^ 'R.u'nv'imi 



u 



>^x>(viA t}io» : — naee dw nra Ugjkis vhiA yoa doin ti 
<^^r'.^>ATv «t equal &< « ic» &«■ tlKopcB codsof a BitcbVi 
r S«>4-«^ nx<«vT. IsaserMiM «a <p>qi > e lUijm b c f c ett the intn* 
ivom iuvi MK^h «if s^ l^!tes: u caeb soboi let tiienbeM 
A-.>crtuiv «>f <^uft] 5ue cxacdr appe tite the middlt of te 
fijtm^' ; iW rAr« d lifibt will tbercfiaiv lie {mqeetad frooi 
AT) <v)im1 $^uficHi«M« 4£ ^e fvo cwndiw, and tf their ilbu» 
:*.At:n4r )v^«^rs *i« ctqjvaL ih* phofeomefeer will be' ai modi 
en icI^t^nAi bv i)m «k es In- iW etber: if thie is not tie 
oam\ Tvnioxe iKc jtttvwjper %ht with its nrtun, till both n^ 
fiK>c>s <if tho phi'«r<vnc«(r sim«i eqaalhr bright. The abnlBte 
intcnsiiy (%f iKc !«*«> liisht* will be at the aqoarei of dier 
<iist«now 6^%m the photoowter, — R o o e ed in a amilar nun- 
TK-r to shew «h4ii with equal absolute Jnieiwitiee thed eg ie t cf 
Mjrht ct\]io\xsi will x-arr ai^ the sniiMe of the luminout body. 
IVxnirc twi'k lamps of cqoal powvr and safficient sorfaee of 
rtAnu\ ami alMt t w^ MT««m^ wiih apeitum of eqpial diametsr, 
VTv^^ isi^Mi lvcin|t nuuic fiW cnUr^ag one of the apartoni^ m 
that its diamotor mav be do«il4ed, and that» cnnaeqiiendy, 
tho opening in «nio scrccm maT be made iom times as Isige 
as that in tho \vther« It wilJ be seen that with equal apev- 
turos. at equal disianenv. \hc surfices of the photometer will 
ho ei|aally bright ; hut if tho apetture in one mcm be 
or.l.irgod. tho surfaoo «>ppasito to it will be l en de i e d non 
intonscly light. Xow. romovo that light whose screen hsi 
tho larger opening until tho surfitces of the photometer 
iHvonio oquAllT bright, and you will find that this distanee 
m ill 1)0 oxaotlv double the f<)n»or : «> that, with four times at 
gro.it a luminous area, we obtain a Iburiuld intensity of 
light. 

Acoording ta tho corpuseular thoorr, the intensity of the 
light, arising from tho two oausos named abore, depends on 
the foreo with whioh luminous matter is projected from the 
v>urc<> of light, and also on thequantityof such matter set in 
motion : the explanation offorod by the other theorv is that 
the intenMty of light, like that of sound, is owing to the 
magi>itude of the vibrations excited by the luminous body, 
and on the mass of ether thus put into a state of luminous 
undiibti^m. Other things remaining e()uaK the greater the 
pxriirftion* a a^ff^ b 6, &c. jSp, 1., made by the atoms of cthefa 
the more intense will be the sensation of light they produce; 
coni«€V|tioritl)r, «ich a curve as o',,^, ft', ^, &c.^p .1., may 
<iervf ;ift a graphic representation of the intensity of light. 

'file <«iin producer the strongest light with which we ai« 
.ic'l'ininterl on our earth : this is owing both to the great 

•cplcnrioiir iff that luminary and to the extent of his di$c 

The great influence which the size of a luminous area exerts 
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on Ibe intensity of the light is fiuniliarly shown in the dimi- 
nished glare there is in a room when the Venetian blinds are 
let down ; the comparative gloom is owing solely to the 
smallnesB of the apertures through which the sun*8 mys are 
allowed to pass. The light which approaches most nearly 
in intensity to that of the sun is that which is given off at 
the charcoal points of a voltaiie battery, and that given by 
the oombustioa of lime in oay-hydrogen gas (Drummond*s 
light). Hie feeblest light is that of Imrning hydrogen, that 
of a spirit lamp, and that of phosphorescent bodies. The 
very low illuminating power of these last, as compared with 
the light of the sun, may be shown by the Avowing 

Bjcpt Place some hydrogen in a state of combustion, or a 
spirit lamp, or a phosphorescent body, in the sunshine, and 
their light will cease to be visible. 

If the fixed stars are luminous bodies, like the sun in our 
system, we may infer that the intensity of their light is little, 
if at all, inferior to his. Of the fixed stars the brightest is 
fiUrius, and yet in the daytime he is no more visible to us 
than others of less brillian^. The cause of this is the im- 
mense distance of all these bodies from our planet. Wollaston 
says, that by photometric experiments he has discovered that 
it would require 20,000 millions of such stars as Sinus to 
replace the light afforded by the sun, or that this luminary 
must be removed 140,000 times further from us than he is 
at present to reduce his light to that of Sirius. In a similar 
manner, this philosopher has determined that it would 
require 556S wax candles, at the distance of one foot from an 
object, to produce a light equal to that of the sun ; whereas 
the light of the full moon does not exceed that given by a 
angle wax candle at a distance of 12 feet ; whence the light 
of -tht-full moon is only the 12* s: 144tA part that of a wax 
candle at the distance of a foot. Agam, moonlight is 5563 
X 144 s 801 072 times less than that of the sun. 



§284. 

ince DO perfectiy transparent body exists on our earth 
B75.), light must necessarily be impaired in its passage 
High all transparent media, and the diminution it suffers will 
f as the medium is more or leas transparent, and as the pas- 
i it makes is of greater or less length. The exact ratio in 
ch light is diminished, has not yet been determined ; it is, 
'ever, an established fact, that even those bodies which ap- 
leh most nearly to perfect transparency, become Qi^^v^Q^^ Vci«:ci 
r thickness is considerably increased. 
fL. iz, c 



Acci>rding to Bouguer, tbe purert scA-wateTt 
depth of 730 feet, Iose> all ita tnnipareney, aod Uw 
sphere in iti cleireat state would be UtogellieT iroperri 
tbe lun'i rays if it extended rathei mare Ihui TOO i 
On Ihit principle we can explain the dimini^Aed apki 
□f the lun and mooD at the time of their rinng aad aell 
for the nearer Ihey are lo tbe horiion, tbe longer ii 
painge and the denier the etiaU their rayi will bin 
traierse. Whether tbe light would be similarlf diminisbt 
it paued through an absolute laeuum, or through sp 
filled only with the ether, which is supposed to be uDirena 
diifused, we haie no means of determining; howerer, U 
brightness with which tbe Gicd stars shine, though at sac 
immense distances from us, render this improbable. 



SMS. 

Lastly, we bave lo invettigite how much the intetiuty of li(k 
ia modified according to the angle at which the raji im]nii|i 
upon any object. A surface is most strongly illuoUDated wbM 
the rays ofligbt fall perpendicularly upon it; and the greater tb 
deriation of the angle of incidence Irom a right angle, tbe lea 
the inten^ty of the light- This can be experimentally shown hj 
'.icularly and obliquely u 

: parallel lines ^. 9. it- 
n's rBT% It is clear tbil 




Let the fii 



the surliice a b, 
pend icularly ri 

sible number of rays, whilst any otbB 
position of the plane, as a c, Lt impinged 
on by a amallcr number, in &ct only 
by such a Dumlwr as would haie fidla 
on a plane at right angles to the raj^ 
and having ibe length d c- But de a 
$tn. a, the angle of incidence, or coa. t 
theangle formed by theinelin atiou oftht 
e with a perpendicular to the rays ; whence in this caselih 

inlnaili, of the iUaminatim it as thi tine of the angle of ^ 

cidenct 0/ thi nu/t, or, ai tht cotint of tht angk Toade (y llf 

plane mith a perptnduhilar to the rays. 

All that has been established in the preceding § g, with 

regard tu Che intensity of light, may now be comprised in 

the following general formula : — 

I = I^S^wn- «■ or ^'— "^ ^ 
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I being the intensity, I' the absolute intensity or illumina- 
ting power of the luminous body, S the superficies on which 
the rays fall, D the distance, a their angle of incidence, and 
fi the inclination of the plane to a perpendicular to the 
rays. 

We shall explain presently how these results are affected 
by the character of a body's surface, and by the material of 
which it is composed. 



§286. 

Light travels at a prodigious rate; with a velocity, indeed, 
hich, though it admits of being measured, yet so fer exceeds all 
rrestrial velocities (see Table III. vol. L p. 26.), that they are 
arcely comparable with it. It was formerly believed that light 
oved with an infinite velocity, till, in the year 1676, the Danish 
tronomer, Olof Rbmer, found, from observations on the occulta- 
>n of one of Jupiter's moons, that light moves through a space 
' about 1 92,000 miles in a second. 

Herschel has calculated that light travels in a vacuum with 
a uniform velocity of 192,500 miles in a second. This 
velocity is the same for the waves of light excited by all the 
heavenly bodies; being in that respect analogous to the 
waves of sound, which are propagated in the atmosphere 
with equal velocities, whether the exciting notes be high or 
low, loud or weak. (§ 257.) 

Fig. 10. 




1.) Olof Rbmer found that when the earth in her orbit 
receded firom Jupiter in a straight line, or in^what approxi- 
mated very nearly to one, as would happen if the earth were 
at E,^. 10., then the emersion of Jupitei^s ^isl ^^Vjc^v\si'V: 
firom the umbra of the planet J, would be n\s\\]\& «Xk>>3X \ < 

c 2 
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Reconds later than we should have expeeted, from the time 
tiie satellite would be occupied in p e tfo nm ng that portioa 
of its orbit about its primary. Now this sMtellite emergei 
from Jupiter's shadow, in about 48| hours, or, more 
exactly, in 42 hrs. 28' S5" ; but in the same dme the eartii 
will have moved in her ort>it from K to £% L t, about 
f^K80,0(X) miles ; but light moves through this space in 15 
ticcuiulN, consequently it travels with a velocity of 193,000 
miles in a second. The converse obtains if the earth ap- 
proaches Jupiter during the eclipse of the satellite, i. t. if she 
be moving in her orbit from £* to £'. 

Homer's discovery was confirmed by the obaerratiims sf 
Dr. Bradley, in 1725, on the AbernOiim of Light. By 
aberration, we mean the alteration in the apparent poaitiom 
of all the stars, owing to the velocity with which lig^ morOi 
nnrl to the motion of the earth in her orbit, in a direetioo 
which forms a tangent to the light from the heavenly hodiOb 
In consequence of the aberration resulting from the com- J 
bined operation of these two velocities, all the fixed stars 
appear to us to be rather more backward than they really 
are in the direction of the earth's annual motion. 

The following explanation of this phenomenon is ^ven bj 
Kisenlohr, and also by Littrow, in his Die Wunder dcs 

Himmels, S. 189. Let 
Fig. 11. M MN, >fy. 11. represent 

a ship whose side is 
aimed at point blank 
by a cannon at a. Now, 
if the vessel were at 
rest, a ball discharged 
in this manner would 
pass through the points 
b and c, so that the 
three points a, b, and e 
would be all in one 
Ntrai^lit line ; but if the vessel itself move from M to N, 
then the hall which entered at b would not come out at the • 
opposite point <:, but at some other point d as much nearer 
to the Ktern as is e(]ual to the distance gone over by the 
vehsel from M towards N, during the passage of the ball 
through her. The lines b c and h d^ therefore, form an 
angle at 6, whose magnitude depends on the position of fr e 
and b d ; the greater the velocity of the ball as compared 
with that of the ship, the less the angle. Next, for the ship 
substitute in your mind the earth ; and for the cannon, any 
one of the fixed stars. Let the velocity* e of tlie cannon-ball 
now stand for that of light, and let df be the valocltm «^^ iWe 
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•nth in ber orbit* the angk dht is called the am^e ofaberra- 
Horn. This angle has been found to be the same for all the 
fixed stars* eta. 90 seconds, or with greater accuracy SO'25 
seeoods; wbenec it appears that Bgbt travels with equal 
Telocity through space from all these bodies. If now we 
suppose i. bed to be a right angle, then 

tan. lb :c4lsrad. icb; 
tbatis» 

tan Z aberr. : vdoc. of earth arad. : veloc. of light ; 
or, 

tan. 1 20-25" : ]8-9^»10 : 195,000 ; 
a result not materially dififerent from that already obtained. 
This agreement in remits arriTcd at by methods so dis- 
similar* proves both the accuracy of astronomical observa- 
tions, and eonfirms ua in the belief of the earth*s revolution 
•about the sun. 

Light, at its mean velocity, takes about 8 minutes 13 
seconds to come firom the sun to our earth, and 2{ hours to 
travd from Uranus to our planet. It would require more 
than 6 years for light to traverse the space betwixt us and 
the nearest of the fixed stars ; heoce it follows that we never 
see these bodies in their actual position. The following 
illustrations may serve to give a comparative view of the 
velocity of light and that of other bodies : — A cannon-ball 
moving with a uniform velocity of 2450 feet in a second, 
would be 6} years, and sound would he 14 years, in coming 
to us from the sun ; a cannon-ball moving with the same 
velocity as we have already supposed, would be 16 hours in 
travelling round the circumference of our earth, a space 
which light traverses in J th of a second : the velocity of 
light must therefore be | a million times greater than that 
of a cannon-ball, and more than a million times that of sound. 
At the rate of about 4 miles in 3^ minutes, being the speed 
at which Brunei, in 1841, travelled on the Great Western 
Railway, it would require more than 1 37 years to go from 
our earth to the sun. 



m. CATOFTEICS, OK THX RXrLSCTION OP LIGHT. 

§287. 

All opaque bodies possess the property of reflecting, to a 
greater or less degree, the light which falls upon them ; they 
would not be visible to us, as has been observed already (§ 274. ), 
were it not for their reflecting power. 

7%e BmaUer the quantity of light any \>o^^ \}kio^s\mlO«w^ 

c 3 




22 KEFLECnON FROM POUSHED SURFACES. 

the darker it appears to lu ; white surfiwes reflect most fight, 
and black the least. If a substance were absolutely black, it 
would not reflect any light at all, and would consequently be 
invisible to us; experience assures us that no such body 
exists. 

Expt Black velvet is one of the darkest substances with 

which we are acquainted, and one which seems to reflect no 

light. Blacken the inside of a tube, and look through it at 

a piece of black velvet ; place over one of the ends of your 

tube a glass on which an opaque substance is fixed so as to 

leave only a small transparent ring, Jig, 12. The lij^ 

Fig 1 2. reflected from the velvet, will fall on the I 

eye of the observer, showing that the 

material is not absolutely black, or in- 

capable of reflecting the rays of light ; fi>r 

in that case the annular aperture would 

have been equally invisible with the 

opaque plate in the middle ; this, how- ^ 

ever, is not the fact, and the surfoce of 

the velvet, instead of being black, has a 

greyish tint. 

§ 288. 

If bodies have rough and uneven surfaces, the light which falls 
upon them will be dispersed, or irregularly reflected, by which 
means the surfaces thus impinged on by the light, will be rendered 
visible in all directions. If, on the contrary, the object be one 
presenting a smooth or polished surface to the rays of light which 
fall upon it, then, in this case, they will be reflected regularly; 
and when we look at such an object we shall see, not the object 
itself, but merely the image of the body by whose rays it is 
enlightened. Bodies which possess this property in a high degree 
are called mirrors, or specula. 

Specula are either natural or artificial ; as instances of the 
former class we may mention the surfaces of liquids in a 
state of rest, which are indeed the most perfect specula that 
can be obtained ; many crystals are also natural specula. 
Artificial specula are made either of metal or glass ; the best 
metallic mirrors are made of platina, or an alloy of copper, 
silver, and zinc. Highly polished glass plates, blackened 
on one side, are found to answer well as specula for many 
purposes, so also are plates of obsidian or volcanic glass if 
one of Xhe'iT surfaces be well polished. Our common look- 
ing-glasses, which are covered on one side with an amalgam 
of tin, in order to form a reflecting surface, have this dis- 
advantage, that we obtain a double reflection, one from, the 
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outer face of the glass, and a second from the metallic sur- 
fiice beneath. 

Artificial mirrors are divided, according to the form of 
their surfaces, into plane, convex, and concave ; according to 
the nature of the curve, they may be either spherical, para* 
bolie, or eUiptieal ; mirrors, with mixed surfaces, are either 
eyUndrical or conicaL 

§ 289. 

The following are the laws which obtain equally in the 
reflection of the rays of light from plane and from curved mirrors. 
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Let a c h,Jig. 13, be the section of a plane speculum, and dee, 
fcg be sections of a concave and convex mirror, which both touch 
ah in c; let A c be a ray of light impinging on these surfaces, c h 
a ray reflected, and Ic the normal or perpendicular. Experience 
has shown that 

1.) The normal, the incident, and the reflected rays all He in 
the same plane, called the plane of reflection ; and that it is at right 
angles to the reflecting superficies. 

2.) The angle of Incidence x, and the angle of Reflection y, 
are equal, and they are on opposite sides of the normal ; hence 
the incident and reflected rays form equal angles with the plane ; 
and every ray falling perpendicularly on a mirror will be reflected 
back again on its own path. 

3.) The reflection from concave and convex specula takes place 
as if the rays were received on a plane surface, standing as a tan- 
gent to the curve at the point where the normal touches the 
curve. 

These laws may be verified by means of a very simple 
reflector. 

First Expt. caa' d flg. 14 is a semi-circular board, gra- 
duated at the circumference ; at the centre \ ^\^ce ^ stcv^ 

c 4 
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looking-glass, vertically to the board; db will then be tlw 
normal to the point b. Now, set up some luminous point 
(a common needle will do) at a, some 50** from c^ and the 
ray a 6 will be reflected to a', just 50° on the other side cid, 
parallel to the circular plane ; from this point only would an 
obserrer be able to see the image of the object in the mirror. 

Second Expt. Admit a ray of sun-light through a small 
aperture in the shutter into a darkened room, in such a man- 
ner that the light may fall upon a looking-glass. The whole 
course of the incident and reflected rays will be plainly 
marked on the particles of dust, which are illuminated by 
the sun, and thus experimentally confirm the truth of the 
law. 

According to the corpuscular theory, the reflection of 
light obeys the same laws as regulate the impact of elastic 
bodies (§ 110), light, according to this hypothesis, being 
eminently elastic. The other explanation is, that the pro- 
pagation of light takes place from every luminous point, 
by means of the undnlatory movements of the ether : on 
this hypothesis the waves of light follow the general laws of 
the reflection of all elastic fluids ; and, accordingly, every wave 
from every point, when it impinges on any resisting object 
so as to be reflected, forms a new wave in its course back, 
having its centre as much on the other side of the obstacle as 
the centre of the original wave was on this side ; in the case 
of light, the centre of the original wave is obviously the 
luminous point. ( Compare with this Echo, or the Reflection 
of Sound, §§218. 227.) 



A. REFLKpiOK FROM PLANK MIRRORS. 
§ 290. 

Agreeably to the laws of reflection, laid down in the precedvw^ 
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^x^^ all the rays of light wbieb imll upon any plane mirror, 
'^'^ reflected in the same direction as that in which they 
^^iiged upoo its surfiwe ; parallel rays of light will therefore 
^^tiiiue parallel to each other after reflection ; divergent and 
^J^^ergeat rays will direrge and converge respectirely with 
^les equal to their angles of incMoice. 

liie aeeuracy of these obserTations may easily be shown 
by a diagram drawn aecovdang to the laws given above. 

Expt, Admit two parallel rays into a darkened room, so 

as to fidl upon a plane mirror. They will be reflected from 

its surface in direetioiis parallel to each other ; if the rays 

be convergent, the reflex rays will intersect before the 

mirror ; if they be divergent^ they will be reflected so as to 

recede the one from the other. 

All the rays from any radiating point that fidl upon a plane 

lirror, are reflected from its surface in such a manner that they 

!em as if they proceeded from a point beyond the mirror ; this 

>int will be situated exactly where the reflected rays, if pro- 

jced, would intersect each other, and it will be found to be as 

r beyond the mirror as the radiating point is before it ; this 

)iDt is called the virtual foetu. 

Fiff, 15. 



a^ — 




Let m e^ fig. 1 5, be the vertical section of a plane mirror, 
a a luminous point before it, a 6 and a c two rays proceeding 
from it ',hd will be the reflected ray of a b, and e e that of a c. 
Produce db, ec, on the other side of the mirror, and these 
lines will meet in a' ; a' is the virtual focus ; and from the 
similarity of the As, abm, a' bnif and ac m «ivd a' cm \^- 
spectirely, it follows at once that a' m=am. 
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According to the undulatory theory, d is the centre of tbe 
reflected waves of light. 
The image of any object, which may be regarded as merely the 
sum of its radiating points, will be as far behind a plane mirror 
as the object itself is before it ; the size and form of the image 
will correspond exactly with tlTe size and form of the object, widi 
this difference only— that whatever is on the ri^t side of the 
original will appear on the left in its image, and vice vtr^d. 

The reversed appearance of any object seen in a plane 
mirror, is most strikingly illustrated, by holding a sheet of 
print or manuscript before such a mirror. 

If a plane mirror be placed in a vertical position, then 
every object it reflects will be accurately portrayed, as regards 
its situation with respect to the horizon. If a plane mirror 
be inclined at any angle to an object, the object will appear 
behind the mirror inclined at an equal but opposite angle; 
consequently, an object lying flat will appear to stand per- 
pendicularly if a mirror be placed at an angle of 45*^ to it; 
and conversely, an upright object will seem to lie down.— 
All these phenomena are well known, and may be easily 
verified by diagrams in which the laws of reflection are 
attended to, and experimentally by using a common looldng- 
glass. — The Polemoscope is a perspective glass, having a re- 
flector placed at an angle of 45^ to its axis. — Mode of using 
this instrument. — If any one stands on a plane mirror, his 
feet and the feet of the image have their soles touching ; if 
the mirror be held above the head, the figure will be inverted 
in that direction. — The reflection of objects in standing 
water presents us with similarly inverted pictures. 

On this law of the reflection of plane mirrors depends the 
construction of several optical instruments ; as, for instance, 
the Heliostatf the Heliosc(y)e, and the different kinds of 
Goniometers. 



§ 291. 

Further, the image produced by the first reflection may be 
leflccted again by one or more mirrors. The image of an object, 
by this repeated reflection, becomes shifted in every direction, and 
may be multiplied many times by means of inclined mirrors 
placed opposite to each other. 

To this property of light are owing: — 1.) The effects 
produced by the various kinds of magical perspective. These 
phenomena are owing to the parallel combinations of several 
plane mirrors at sUigles of 45° to the light which falls upon 
them. 
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FbrBt ExpL Fig* 16 is a sectional view of a magic per> 

Fig. 16. 




spective, by means of which objects may be seen, notwith- 
standing the interposition of a board, or other opaque screen, 
between the eye and the object. 

ahcd\s the perspective tube through which the observer 
is to look ; it is divided at h c, so that a board, or any similar 
obstacle, may be interposed ; notwithstanding which an eye 
at A will distinctly see any object at P. 

The apparatus is thus constructed : — At k and / there are 
openings in the tube, by means of which a communication is 
established throughout the hollow pipe kg hi. At A, g^ h^ 
and I, looking-glasses are placed at angles of 45°. The line 
' drawn in the interior of the tube represents the course of the 
reflected ray ; the eye at A sees the object in the mirror, ife, 
in the direction of A i^ or A P. 

2.) If an object be placed between two plane mirrors, 

forming any angle whatever with each other, then the image 

will be repeated as many times, minus 1, as the angle made 

by the two planes is contained in 360*^, i. e. putting n for the 

number of degrees contained in the angle, the number of 

360 
images will be 1 



n 



Second Expt. The Kaleidoscope invented by Sir. D. 
Brewster, is a well-known piece of apparatus ; it consists of 
a tube about 10 inches long, and from 2 to 3 inches wide, 
blackened inside. Two or three pieces of looking-glass run 
through it lengthwise, generally forming angles of 60*^. 
One end of the tube is closed by a piece of common glass, 
on it is fitted a continuation of the tube, the end of this 
additional piece being closed with ground glass ; the space 
between these two glasses which is about \ of an inch, is 
filled with transparent coloured objects, pieces of coloured 
glass, and the like. The other end of the tube is also 
covered with a cap having a small aperture throug;h 
which to look. If the tube be held w\l\i lYv^ gi^ouvv^ ^^fi--^ 
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^^m& scuff 

end toward the light, and the eye be applied to ^ .%.q re. 
aperture, the objects lying between the angles a» jnM 
flectors will be reflected five times, and the image of^ ^^ 
hexagonal star will be formed. Ijj. 

Third Expt. Place two inclined mirrors on the <^** ^,^ 
of a bastion, and you will have an image of a pol^^ 
fortification. j^'j 

3. ) The application and use of Sextaxtt and of ^^^'^^.^o 
Reflecting Circle : — Both instruments serve, by means <>' t^ 
mirrors, one of which is moveable, to measure the ^^ 
made by two objects with the station of the observer. 

Fiff. 17. 



D 



-•'J 




W^.'X 



The mirror a 6, /ig, 17. is fixed, but the mirror cd i» 
moveable about B, and when in the position oB, it is 
parallel to the first mirror ab, and an arc that shall be 
drawn with B as its centre between the planes 6 D, B o» 
(the mirrors produced), would be the sixth part of a circle, 
whence the name of the instrument, the Sextant, is derived ; 
the angle C B o, consequently, contains 60^. The side of 
the mirror cef is perpendicular to the index BZ ; so, when 
the latter is moved from o towards C, the former is turned 
about its pivot B ; and the index will show, on the graduated 
arc, the number of degrees contained in the angle o B Z, t. e. 
the magnitude of the angle generated by the motion of cd 
firom its original position. 

Now suppose dc and 6 a, the planes of the mirrors, to be 
produced to D, the point of their intersection, then the 
angle t will mark the degree of their inclination ; but as D C 
is parallel to Bo, it follows that the angle cB o must be 
equal to the angle t, and can therefore be used equally with 
it to mark the inclination of the planes. 
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If 

. . ^e wish to measure from any statioii A, the angle 

^^^^ two objects, g and /, make with A, that is to determine 

, ^^^agnitude of the angle w, we should move the mirror c</, 

^ y^eans of the index B Z, until we brought it into such a 

JP^^tion, that, whilst the eye at o sees the object/ in the 

. ^<^n oC, the object / should also be seen in the mirror 

simultaneously with it, and in the same direction, its 

T^^e haying been reflected as shown by the lines 7 B C o ; 

*»>«nin 

ACDB,Z t^Lfi-a' 
and in A CB A, /: w = ^ (/3 + x)-(o' +7). 
^Ow, by the laws of Reflection : 

Z 0'= / o in like manner Lfi= ifi' 

bm(Eucl. I. l5.) La=^ ly ^^'^J-^ 

whence la'= ly and L fi = L x; 

whence it follows that, 

Iw^ Z2/5- I 2a', 
and as Lt^ L fi —La' 

Iw— 12 1, or I2ZB0 ; so the angle 

ZBo shown by the index, will be half the required angle w. 

In order to obtain the magnitude of angle w at once, without 

Airtber computation, the arc of the sextant is divided into 

120 parts, each of which expresses one degree of the angle w. 

4. ) The effects of mirrors hung parallel to each other in 

rooms : If an object stands between two looking-glasses hung 

parallel to each other, an image will appear as far behind eadi 

of the glasses as the object itself is before them. Each of these 

reflections produces a corresponding image in the opposite 

mirror, and so the object would be repeated ad infinitum, 

were not a portion of light absorbed with each successive 

reflection. 



B. ftBELBCTIOH FROM OONCAVX AXD CONVEX MIRRORS. 

§292. 

By wpherical mirron are to be understood such as are segments 
of a sphere ; if their concavity be polished, they are called concave 
mirrors ; if they reflect from their convex side, they are called 
comres mirrors. 

Ib mirrors of this kind, Jigs. 18 and 19, c, the centre of that 
^here of which the speculum is a segment, is called the geometri' 
•td centre, or the centre of curvature ; whereas t), that \vovv\t \w lU« 
oujTwV gaiikce wbieb is equidistant from a\\ ^t\s c^ '\\.'& <i\tca\x^- 
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Fiy. 18. 



Fi§. 19. 
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/, Focus. ve, AzMof the mirror. 

vf. Focal distance. c «, Radius of mirror. 

c. Geometrical centre. re a, Prineipai raj. 

r, Optical centre, or Tertei. x =y. 

ference, is called the optical cemtrt or vtrUx of the minor. A 
right line ve, of unlimited length passing throu^ thew two 
centres is the nxiM of the mirror. All the radii of the qpbcrai v 
<rc, CM, SicCy are also radii of the wurrat'$ eurvatmn ; and astiiey are 
r^erpendicular to the spherical sur&ce, they, in &ct, coostitote 
the normals of the rays which fall on the points v,«, &c. of the 
mirror (§ 289.) Every ray from a luminous point r paanng 
through the centre of curvature, as rex, r«c, is termed Aprimeipd 
ray. 

The reflection of light from every point of a spherical speculum 
obeys the universal law of reflection (§ 289.), that<Ae path ofamf 
rejlected wave may be found, by asnaning that the ample of rtfltetkm 
CffuaU the angle of incidence, 

VoT instance, let 9 « be a ray impinging at • on the con- 
cave %\icc\i\\i'my fig 18., and on the convex speculum, j^. 19., 
then in both cases «/will be the reflected ray, if y=x. 

§ 293. 

The rays of light will be variously reflected from the surfiu;e 
of a concave mirror, according to the direction in which they 
impinge upon it: 

I.) AH the rays that fall on a concave mirror in a direction 
finrallel to its axis, will be reflected, so that each of them after 
reflection intersects the axis. If these rays be very near to the 
axis, they will cut it after reflection, in a point midway between 
the ()))tical and geometrical centres, as appears from the con- 
Htruotiun oifig, 20. The point / is called the /ociw, and its 
distance /v, from the vertex of the speculum, la caWe^ >i^e focAl 
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apertures g ; some arrangement must be 

Fig, 22. and closi 

a sure. Tht 

% pass throi 

will be pa 

»• «• • ma %g Now, pla« 
tf m such { 

ray trans 
^ shall imp 

», see fig. 
perpendicular to it ; next, open succes« 
aod eaefa of the rays passing throuc^h 
reflected as to intersect the axis co, in the 
indeed, the rays wiil form a pyramid, w 
the tpeeuluTn, and whose vertex is at /. 
light through the holes g, which are moi 
axis ; and it will be found that their rays 
nearer to its boundary, will be so tltrown ) 
the axis somewhere between the focus an< 
mirror. If it is wished to give very gi 
the individual rays of sun-light, they ma 
through the smoke of a chafing-dish. 

Second Expt. A cylindrical mirror will 
calculated to display the caustic curve ; it 
semi-cylinder, and may be conveniently i 
polished tin, or of a pretty wide piece 
spring, held in form by a semi-circular b 
white paper. If the speculum be preset 
the sun or to those of a candle, a lumi 
visible on the paper, bounded by a line rcf 
in fig. 21. 

If a parabolic curve be imparted to tl 

brightest speck will be ^t its focus, when 

will proceed resembling a star. 

2.) All diverging rays from a radiant poir 

ioeus of a concave mirror, will be reflected fi 

directions parallel to each other, and to th 

that their dbtaoce shall not exceed 10° or 15 

&icfa reflected rays will consequently not inten 

This is merely the converse of the pr 

truth of it will be at once seen on rcferrin, 

^.) All rays proceeding from the centre 
which pass through audi centre, that is to say 
rays, fall perpendicularly on the surface of the 
tlierefore reflected to the centre. 
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Fig, 93. 




^ 



4. » RaTs.OD th* cc»r:t:ir.. 
viiirh etnat fiva ary jo;r.t. ..> 
r.^. 2.S. bejoDQ tiitr centre ( : 
currixure. or vhkii crc»« i:.-. 
mxis at a poini bevoDci >uc'. 
eentre. will lie reflected i« ..< 
to cut the axis iomeirlKrtr. :iy 
t, p. in t. betwees the fc*t-u*' 
aod the eentre of currature 



5.) ConTerse]y, if rays Lntenect the axis at any point ?. /;... 
^between the focus and the centre c€ curvature of a corcavi 
^>^am} then they will be reflected so as to cut the axis a^rair \:: 
"ootiur point, beyond such centre. See the direction of the ami w« 
«n A- 28. 
^) Listly, all rays conung firom any point r,/ig. 24, bttwcer 

the mirror and the focus, will be n- 
^' ^^- fleeted from its sur&ce so as to divrr^i 

7 from the axis. 



§ 294. 

If there be any radiant point betbre a 
mirror, the virtual focus of that point 
may be found (§ 290. ) by producing thi 
reflected rays until they meet. 

If, then, we are able to dett-rmiiu 
where two reflected rays will intcTM-ct 
each cither, we can at once ascertain thi- 
situation of the virtual focus. From 
r^ Idiant point there proceeds an infinite number of rays. 
T^ of these, two only are, for the most part, made use of, in 
^^'P^iniog the atuation of the virtual focus ; they are oni 
'^'^^ ray, which is reflected on its own path, and one of tlu> 
7^ Pttallel to the axis, which, when reflected, passes thrungh 
r^weus. The intersection of these two rays gives the virtual 




feeoi 



'equired. 



Fiff, 25. 




*0i. 



It is not absolutely 
necessary to use a ray 
parallel to the axis ; 
any other will do, only 
it must be observi-jl 
that its reflected rn> 
cannot be dctormineii 
so easily as that of :r 
parallel ray. 
Let o 8, Jig. *2S,\Mi A v:vA\- 
cavc tnirroTtUiXvCL t «v\n x>\^\« 
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ating point before it ; draw s q through the focus /, » tin: 
reflected ray to r s ; and from r draw ro, throu^ th^ 
centre of curvature; 9, the point of intersection of tiiewj 
two rays, is the virtual focus of r. TTie virtual focus flfj 
every luminous point in the axis of a concave mirror will be i 
in the axis ; and that of any point on one side of the an^. 
will be found on the opposite side of it. 
To determine the situation of the image of an object reflects 

by a concave mirror, we must find the virtual foci of the poiPtsiB 

the object's boundary. 



Fig. 26. 




§295. 

The following are the phenomena presented to us by the ' 
Section of the rays of light which impinge on concave mirrors^ 

I.) The image of an obj* 
very remote from the mirror* 
that of the sun, will be in ^ 
focus of the mirror, and the im^ 
will be extremely small. 

2.) Every object which is s 

distance from the mirror gre^ 

than its centre, produces an im^ 

between this point and the focr 

smaller than the object itself, a 

in an inverted position. (S 

fig^ 26.) 

3. ) If the object be at a distance from the mirror equal to I 

Fig. 27. length of its radius, as N S, fig, 1 

then the image ns will be at an eqi 

distance from the mirror ; its dime 

sions will be the same as those of 1 

object, but its position will be invert 

as is shown in fig, 27. 

4.) If the object be between the f« 
and the centre of curvature, as n « in j 
26, then the image will be inverted, a 
its size will much exceed that of the obje 
its place, also, will be beyond the g( 
metric centre, as N S. 

These four varieties of inverted images, produced by 1 
reflection of the rays of light from concave mirrors, are sometin 
called physical spectra. 

The existence and position of these spectra may easily 
shown experimentally, thus : — 
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ExpL Hold a candle opposite to a concave mirror at the 
distances named respectively in paragraphs 1.), 2.), 3.), 4.) 
on the preceding page. The spectrum can in each case he 
received on a white screen, which must be placed at the 
prescribed distance from the mirror. 

Application of these spectra in different optical instru- 
ments, as reflecting telescopes, &c 
5.) If a luminous body, as, for instance, the flame of an 
Argand lamp, or a burning coal, be placed in the focus of a con- 
^▼e mirror, no image will be produced, but the whole surface uf 
^ mirror will be illuminated, because (2. § 293.) it reflects in 
P^ntllel lines all the rays of light that fall upon it 

This may be made the subject of an eiperiment so simple 
as not to require any further explanation. 

Practical application of this fact, in the reflectors of micro- 
scopes, magic lanterns, and lighthouses, by means of which 
the light given by the luminous body is increased and 
transmitted m some particular direction that may be 
dedred. 
^*) Lastly, place the object between the mirror and the focus. 
' ^ ^9^9* 28, and the image of the object will be behind the 
Fia. 28. mirror; it will not be 

n ' ' inverted, but its propor- 

tions will be enlarged 
*"^-r-~.^ / according to the proxi- 

mity of the object to 
the focus. In this case 
the reflected rays (5. § 
293. ) diverge, and con- 
sequently intersect be- 
hind the mirror, so that 
.- ' they appear as if they 

*3^^ proceeded from these points of intersection. Ftp, 28 will at 
^ illustrate these remarks. 

The truth of this last proposition admits of being experi- 
mentally tested. 

Concave mirrors, from the property last-named, are some- 
times called magnifying mirrors ; and because, by collecting 
the.sun*s rays into a focus, they produce a strong heat, they 
are called burning mirrors. 

[We shall now proceed to give a simple demonstration of 
wluit has been advanced in the present and two preceding 

Let F £, Fig, 29, be a sectional view of a concave mirror, 
V its vertex ; C the centre of the circle ; C V, C E, C F = r 
radii of the mirror. Let R be any radiant \»o\tv\, m \\v« ^i.\s^ 
fl Vsa a, its distance from the vertex. \a\. ^Ya \^^ "^x^ 

D 2 
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incident ray, E D the reflected my, and V D^a i^^ 

difftance. 

Fig. 29. 




Since Lx^ Zy, 

/.E D : E R=C D : C R, [Eucl. 

and if Z. V R E be yery small, 

.•.RE = RV=a nearly, 
and E D = V D=:a nearly 

/. V D : V R=C V- VD : V R-V C, 



or a : aa=r— a : a — r; 
/.aa— ar=ar— ao, 
,*,2 aas=ar + ar; 
2 J_ 2_. 



a 



a 



(I) 



Leta=«, t«e. let the distance of the radiant poii 
infinite, or, in other words, let the rays be parallel ; 

- vanishes, and there remains 



a 



r 



a 



or 



^ »*«-/» 



that is, the focus /lies in the middle of the radius; and t 
fore equation (I.) becomes 



/"" a "•" a 



(II.) 



If the radiant point R lie out of the axis, as at 
position may be determined by knowing its abscissa V 
and its ordinate S N»&. 

Let the rays from N make with the axis a very 
angle, then their focus », will be given by the folk 
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: — for, let V<»a, Mn^fi 
1 1 1 



'f A a 



• 



^or, produce the ray EN till it meets the axis in K ; 
^^tx V D is the focal distance of the point R, and by cqua- 
^^n (IL) we have 

/""a"*" a*VR"*'VD ^'^•> 

^ow, if we consider VE to be so small an arc that it may 
^ asstmied as a right line, and 

*/ A s, VED, and D < «, are sim. 
/. VE: VD=«fi:«D 

-iS :a-VD; 
/. VE.a-VE.VD=i8.VD, 

g.VE 
-'•^^"=i8 + VE' 
.1 fi I 



"VD""a.VE"^ a* 

Again, '.' A s, V £ R, and S N R are sim. 
•. VE : VR=SN: SR, 

=6 :VR-a, 
/. VE.VR-VE.a=6.VR, 

. 1 1 b 



•• VR~a "a.VE* 
Substituting these values in equation (A.), we have 

1 £ 6 3 2. 

f'^ "a.VE'^a.VE'^ a 

And since A s, V S N» and Vsn, are sim. 

:,n$: Vs=NS: vs, 

or /3 : a = 6 : a, 

a 
/, 3 = — -6, which is equation 2.) 

and •.- £„1 
a a 

s 3 



40 CTUNDRICAL AND COKICAL MUIEORS. 

The same mathematical deductions hold good for n 
of this class as for concaye mirrors (§ 295.), observiiij 
that in this case r is negative : 

r a a 
and 

/ a r 

1.) When a=Qo , i. e. when an object is at an infinit 
tance from the mirror a ^ — /. 

2. ) If a diminishes, a must diminish also ; thus, whet 

__ r 

° 3. 

3.) When aaO^ a=0; i. e. the object and its imag 
fall together on the mirror. 

§ 297. 

Cylindrical and Conical mirrort act like plane ones ii 
direction of their axis, but in a direction perpendicular t 
axis they act like spherical mirrors. If such a mirror be p 
vertically, the image of any object will be of the same Ien| 
the original ; but its breadth will be exaggerated or red 
according as the convex or concave surface is polished, 
mirror be laid horizontally, these circumstances will be rev( 

A conical mirror differs from a cylinder in this, that its si 
in the direction perpendicular to the axis, consists of an ii 
number of spherical mirrors, of gradually decreasing sizes to 
the vertex ; whereas, in the cylinder, planes passing throu^ 
axis and parallel to the horizon, would give equal circles thr 
out. If such a mirror be placed in a vertical positi(m, an < 
seen in it would appear of its natural length, but its bi 
would gradually taper off towards the vertex. 

From what has been just stated it is evident, that these na 
do not represent objects in their natural proportions ; if, 
fore, any object appears in such a mirror to be of its just d 
sions, the original drawing must have been distorted accc 
to regular laws, in order to produce this effect ; these pictu 
well as their reflected images in the mirrors are termed cai 
(inamorphdses, 

§ 298. 

It has been already (§ 287.) remarked, that all bodies wh 
reflect more or less of the light which falls upon them, 
means of Ritchie's Photometer (§ 282.) we can combat 
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ities of the ineident and of the reflected light. It has been 
ained that the iatensity of light reflected perpendicularly 
a metallic speculum is ahout {, from mercury ), firom 
• j^ and from glass -^ that of incident light ; and that 
Toportion becomes less, the more oUique the angle at which 
rays £Edl. This diminution of the l^t is owing to its ab- 
tion by the reflecting body : from these considerations it 
ws that metallic specula are the best reflectors. 
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§299. 

^\^en a ray of li^t passes out of one transparent medium into 
iDother, either differently constituted, or of a density differing 
iom that of the former, then the ray will either continue its 
Boune in the same path as before, or it will travel in a new 
Erection. If it impinge perpendicularly on the plane by which 
^ medium |fk bounded, its direction will not be altered ; if, on 
^ eontrary, it strikes the plane at any other than a right angle, 
t win be diverted from its original course. This deflection of 
be vays of light is termed Befraction, 

Firtt Expt. Admit a ray of sun-light in such a manner 
into a darkened room that it may £dl obliquely on a cubical 
piece of glass ; a piece of plate glass will do if of sufficient 
thickness. The direction of the ray will be changed on its 
entering the glass. 
Second Expt, Let a shadow of the width a 6, fig, 32, fall 
p- QQ oi^ ^he bottom of any opaque 

' vessel. Fill the vessel with 

water, and the shadow will ac- 
quire the tepering form repre- 
sented in the cut^ in consequence 
of the ray s h being refracted at 
d towards c. 

A similar result will be ob- 
tained by placing a thick glass 
plate at the bottom of a square box. 

Thitd Expt. Lay a coin, or any similar bright substance, at 
the bottom of an opaque vessel, as an earthenware basin, 
^d place the whole at such a distance that the edge of the 
Vessel just hides the piece of money from your view. Pour 
in water, or lay a bit of thick plate glass, iipon the coin and 
h will again become visible. 




Fig.il. 



§303. 
Tf Mveral traiupBrent media ue uTaiiged in panl 
[>ne above anolber in the order of tbeir re&aetiTe po 
movt powerfully Te&actin 
being the lowest ; then a la; 
felling perpendicululy op 
vUl not have iti direction < 
but if ■ ray come obliquely, 
dravn more aod mora to* 
Tertical lice in each succes; 
turn, M is shown in fy. 41, 
eye uttiated at a, the tadi 
r would not appear in its t 
ation, but at r, whicb may 
by drawing a tangent to t 

Now, as we know (§ 198.), that the strata of our at 
are of increasing density as they approach the earth'g s 
followi that every ray of light foiling obliquely on the ati 
muit describe a curre somewhat retembiing the above. 
fdct depend the phenomena of offrohinK'niciiJ and terratr 
lion, a* alao do Uiose instances of HnKmai refractunt that ! 
observed at different time^ and wbicb are known as Mir 
Morgana, &c. 





▲STEOWOMICAL &EF&ACTION. 5] 

<lueDee of which do stars appear to us in their trne places, 
except such as are exactly in our zenith ; all others are 
^re or less elevated, according as they are more or less 
^^^ to the horizon ; nay, they even seem to be above it after 
^7 have set. — Let the dark circle in ^g. 42 represent our 
ttrth, and the concentric circles around it various strata of 
^^ atmosphere, whose densities decrease as their distance 
"'^^ the earth increases. Suppose an observer to stand at 
^» then z will be his zenith, H B H' his horizon, 8 any star, 
^^z its true zenith-distance, and S 13 H its true altitude 
•*^^e the horizon. But in consequence of the refrnction of 
this star's rays in their passage through our atmosphere, as 
***°^ by the broken line S« B, it will appear to an observer 
*' ^ to be at S', t. e. at less than its true distance from the 
5^ith. Produce the original direction of the ray S s so that 
JJ Oiay cut the apparent ray S'B in n ; then the angle B « 1) 
'p'^ed by these two lines, is the aberration of the star S, or 
^ i*e6raction of its rays for the a]>parent zenith-distance 
* " S/, at which it is seen by the observer at B. 1'ablcs 
Jf^e been constructed by which for any observed zenith. 
"**^lice the refraction can be found, which will give the true 
f^'^^th-distance. The greater this becomes, the greater also 
^ ^^Q refraction, until for stars in the horizon it reaches the 
P^^imum, when it is about 33'. This horizontal refraction 
^ the effect of elevating to or above the horizon such stars 
** *r^ depressed below it. — Referring still to the same dia- 
^^ixi, let A be any star below the horizon B II of an 
^)^erver at B ; on account of the rectilinear proi)agation of 
"gbt the star would be invisible, were it not that on the rays 
^<z falling on the atmosphere at a they become lefracted in 
^e curve a B, so that the spectator sees the star in the 
^^ection of the last tangent to the curve, t. e. it will appear 
^0 him at the altitude H B A' above the horizon. — One 
^Qsequence of this atmospheric refraction is, that the sun 
^Ues earlier and sets later than he otherwise would, by which 
^eans our day is both advanced and prolonged. In central 
Europe the longest day is thus lengthened about 8 '5 minutes, 
and in the polar regions the sun's stay above the horizon is 
lengthened by a month. Again, in sultry weather, in the 
mornings and evenings the lower strata of air cool rapidly, 
whilst the upper suffer but a small change in temperature ; 
in consequence of this the discs of the sun and moon appear 
flattened, so that their horizontal diameter considerably ex- 
ceeds the vertical ; this phenomenon is owing to the fact that 
the refraction diminishes with the height, the lower portions 
of these luminaries are consequently more refracted than the 
upper. 

c 2 



since lelVactioii atTccts tbc position not only et \ 
heavrnly bodies which lie bejoud the limib of our 4 
sphere, but hi all objacis in it are also influenced in likeBH 
we speak of its opeiationsoa them as the cSnitij often* 



(luch especially u Bie in or near the faariion), billa, I 
buililingi, &c., leem higher than tbcjr renlly are, and c 
Bionally become visible from an opposite coaKt, when I 
great disUDOe and the curvature of the sea's surface pni 

eoce between this apparent and the true height of any ot 
above the boriion, or the difference between the angk 
these tiro altitudes, is the magoiludc of the terreil 

Neither astronomical nor terrestrial refiaction are all 
equal, as they depend oa the density of tlie strata compel 
the atmosphere ; and fi^om causes which bave been notioei 
the earlier part of this work, we know that the dn 
»aries. For this reason the measurement of celestiall 
tudes, as well as that of the heights of terrestrial ot^Ht 
greatly embarrassed wh en considerable niceCy is requindi 
J the results obtained are consequently unsatisfactory. 
Nearly connected with that property of the atmo^l 
we have ju5t noticed, is the unusual refraction someti 
called the Mirage. In this phenomenon distant obj 
which ordinarily are not visible, appear to float in the 
and frequently inverted images of them arc seen immedii 
below die spectra of the objects themselvei, thus preieii 
■ ttriking resemblance to the reflection of objects Id w 
This UDUtiul refme^ou frequently happens when t 
intervenes between the spectator and the objects ■ 1 
expanse of emDolh water, as on the Oldenburg coast oi 
North Sea, where it ia called Kimmung, or as at the it 
of Meauna, between Sicily and Italy, where the nam 
Fata Morgana has been given to the same natural pli 
menon. Scoresby has mentioned several instances in w 
he observed it in his voyages on the coast of Groeulam 
1B312. It has been noticed likewise on eiteusive plain 
tbc steppes and deserts of Asia and Africa, in which 
quarter of the world it was taken notice of trequeotly b] 
French army, in Lower Egypt, in 1798-1799. These a 
ordinary spectacles are not always to be seen ; they i 
monly happen towards ereoing, after a close and sultry 
when the air is in a caJm state, so that the diflerent s 
can arrange themselves according to their denuties, 
when a wind arises the phenomenon oeasca. These ■ 
pietures are supposed to be caused partly by the nt&adii 
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:s 



tiie rays of light, and partly by their refiectyyn vr*r. i:.*i Ciil 
upon a stratum much rarer than t^at throui'r. ■■:..ir.:. -..ittt 
first passed. See the 5th Law of Rt^ecti^^n. % y.«^. 

Expt, A result elosely rewmbling the tffect^ of -jr.'j^ jai 
atmospheric refraction, may be obtained tr.'> — (. (.'.. Ac. 4 ;, 
is a box of sheet inm, about SO inchn l';r?. f^ '/t 7 ;:.cr.4r» 

/Vy. 43. 




'/ 



high, and of about the same vidth. Fill it with h^A charcoal 

and place it on a level with the eye of an obser.i-r : a rt*: :.ot 

poker may be substituted for the iron \xjx. Ixxjk a: org the 

heated sur&ce at some object M which i^ not at tO'> crrcat a 

distance, and you will see a direct iiunjie of it in the riirection 

PM and an inverted one in the direction PM'. 'ilie t-econd 

image is evidently caused by the rcrflection of the rays of iiifht 

at N, from the heated and rarefied air that surrounds the 

sides of the box, and not bv reflection from the iron. 

An analogous phenomenon may be produced by arran^rir.g 

liquids of different densities one above another. I'our some 

«. .^ wat«fr into a irlass 

Fig. 44. \ I I j: 

^ vessel a be fff ji'j. 

41, to the height 
m n. then add a so- 
lution of Glauber's 
salts, or common 
salt, which must be 
Carefiilly poured through a funnel with a very ^mall mouth, and 
^hose end reaches to the bottom of the vessel, so as not to agi- 
tate the water. By this means we obtain a Hnid whose density 
decreases upwards. Stick a strip of paper on which a word 
is printed at t ; and by looking at o on the opposite side, 
and at an equal height with «, the word will be seen in its 
natural position, by means of the ray o s ; and again an inverted 
image of it will be visible in the direction o^ in the higher 
and rarer stratum of fluid, in consequence of the reflection of 
the oblique ray » t 

§ 304. 

^^en a ray of light passes through a medium bounded by 
P^iallel superSeies, as e,^. a plate of glass, and suiioww^vi^ V>^ ^ 

£ 3 
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Fig,^, 



The rajB i£ 6 firom a InraiiKms object at tf 1 

ted in passing thronj 
so that an eje placed 
thej meet, would aee t 
one direct at d^ and 
fraction at d*, tP, 

The IHoptric Anan 
pend on this species c 
They are pictures v 
Tiewed through a kl 
plying glass, present 
images very unlike 
themselTes. 




B. Refractian m Glaues having Curved Surfaces, t. < 



§307. 



II* 



III* 



Glasses, one or both of whose sur&ces are spheric 
ecMistitute segments of spheres, are termed Lenses : 
two principal kinds, convex and concave, ^ff. 49. C( 
have either both sides convex, I*, and are termed dc 
or they have one side pluie and the other convex, 
convex ; or one side convex and the other concave, 
that the two sur&ces, if continued, would meet), an 

menisci. Concave lenses are 
Fig. 49. dottbie-convex ; or V*, plano-eonci 

coneavo-'Convex, the concavity e^ 
convexity. 

Lenses III* and VI* 
periscopic lenses ; when tl 
and convex surfaces are 
act as plane glasses. 

Lenses are usually mat 
but sometimes, for various 
Vl« polished rock crystals a: 

stones. Hollow glasses, \ 
▼ening space is filled with 
of high refracting power 
times substituted for len 
glf 



!V« 




Ptj^ JR. 
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The pant c jLj, Ji\ is ouled rhu jmnwrr'r imtri jr ■.■"i^r- »r' 
**vitereof a Icos . f is die tiameter ir inmr ivtrr^ir- i:'it /i. rs 
middle point, if tiie tjptutd >xnBm ± itnuiriit iiie irn*v-i -:!rim':i 
a, at right anaciiiei ti} dw -ilamisnsr. is '^mett -i\u i^-s 1 imi r 
*R the Mifi'Mv olT cfaie leiMi. Rduiii. la ; t. ; «. lein^ ir --j^mc 
toglei to the earwd lor&ess, coiutirar«* nrmttmiundivr-i 'i-r ••.•-.> rv 
P'^t at ineifdenec olf a ray o^ Lurht. A pr'iuTipiti •^ly is mt* -v'lx'h 
P*SBB duoogh thae optieai cencre. as .' « j. 

^veeonccivc pLiaei to he m plac«(i is w touch ai' r.'ie iirtu^ 
*^ ^pmnts a a, it u eviiient chut such planes sinst 'e .r rMh: 
*jP*«tothe aies and cooaeqiiently panille[ to each ^r^.— : -Mit \x 
Pf*^tooeb the sur&ce oiTa lens at any other two r:it:i:< .^^jher 
T^or belov the aia, -luch planes will cut eaoK '.'.wr, iv.d 
™^«ngle of interwctioa will be ^eater as their pi •>■":* ^c' oim- 
J^'S'piQach the rim of the lena. Hence all lensct In t -e retrac- 
^of light art like prisms tormed by the two touv::': .:'c j ano!*, 

'''^ we hare imagined to be placed on the surface >-a ilw jiass 

^ points of a ray's incidence and emergence. Thoy rhc rotor e 

^^^le a cambinadoD of an infinite number of pr'.>:r> \v'\i\\ 

^^Ting angles of refraction, or multiplying glasses wit:: .1;'. :r.n- 

°^ number of refracting surlaces. Since every r:iy i^t 11 ^hc 

^*^ pasMS through a prism, is refracted towards the tl'.icWor 

^ (§ 305.) of the prism, it follows that convex lens«^s will ro r'nct 

^ towards the axis, and concave lenses will refract them iVx^iu 
theaxi,, 

§309. 

■f^ the explanation just given as to the general principle on 
^°idi lenses act, we shall be able easily to determine, by means 
.^ laws of refraction (§ SOa), what path a ray will pursue on 
^ QnergeDce froxo tbe glass. 
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small distance through them : they are also termed fci 

glasses, because when the sun's rays are brought to a ] 

after passing through a lens of this kind, they prodi 

strong heat. 

If the phenomena which have been just explained aboi 

compared with those produced by concave mirrors, § 295., il 

be found that precisely the same effects follow the refractii 

light through convex lenses, as attended its reflection from ode 

mirrors. 



§ 312. 

In the refraction of rays through concave lenses, we obs 
that— 

1. ) A ray falling on the lens, in the direction of its axis,pf 
through without suffering refraction ; every principal ray, i 
continues its course without changing its direction. Com; 
§ 307. and^^. 5a 

2.) The direction of all other ra3rs is changed by refract 
and after emergence from the lens, their divergence increases 

Fiff. 57, 



y .. -- 




::!'- -''U*-!'* I:iv.^ 



3.) Rays near to the axis, and parallel to it, diverge after rei 
tion, and appear, if produced, to come from a virtual focus, i 
shown in Jig, 57. 

4.) Divergent rays from any point in the axis, diverge 
more widely after refraction, and seem as if they came frc 
point nearer to the surface of the lens than that from which - 

actually proceed ; in /ig. 
Fig, 58. the rays from f are refra 

towards r, and appear to 1 
proceeded from r'. 

5.) As concave lenses 
not bring the rays which i 
refract to a focus on the 
posite side to that on w! 
the object stands, it foil 
that they do not presen 
with any aerial image: 
objects, but that ^« %^^ 
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icelB thcmselYes tbroogfa kosesof this kind, u geometric imsges, 

CO tbe further side of 
Fig* 59. tbe glass. These images 

are erect, they are in- 
variably less than the 
objects themselves, and 
are apparently nearer to 
the glass. See Jig, 59. 
The image of very re- 
mote objects is extremely 
small* and is situated in 
the virtual focus. 
For this reason these lenses are sometimes called Dimini$h' 
»g Glaues. 
If the reflection of light from convex mirrors (§ 296.) be com- 
PjJ^d with ito refraction through concave lenses, it will be seen 
(list their effects are precisely similar. 

[All the phenomena respecting the refraction of light 

through convex and concave lenses, which we have deduced 

^y oonstruction, agreeably to the imiversal Law of Reflection 

(§ 300.), maybe uiferred and demonstrated geometrically by 

* process resembling that we have already adopted with 

''^gard to spherical mirrors, §§ 295. 296. ] 



— r" 


Fig. 


60. 


if 


M £ 


G 



hetjig. 60, L L represent the section of a convex lens, in 
the direction of its axis D F ; let M be the centre of cur- 
Tature of the face L G L, and M' that of L £ L. 

1.) Let D be any radiant point in the axis, and DB 
an oblique ray from it: then C F will be the ray after refrac- 
tion, and OF its focal distances GF nearly, if tbe thick- 
ness of the lens be inconsiderable. 
Now let radius M G :=r, and M' £ ^r^, 

D £ sa/i, distance of ol^ect from lens, 
F G =0, distance of image from lens, 
HB, a perpendicular to taxi^<nv\. «x V^^ 
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€7 



omes the le« abo vOl « be, rftainmg 



^n, so that Ibr a^r, we hsTe «» i tor 



^^^nages will iovariably £dl oo the tame aide 
V>etween the focua aiid the Icna ; tbej are 
'^^X and diminished. 

' convex leiues, where r' s oo 

--=^ X 1 

** a 

2 



■1 



I 

■J 



^-^00, then 1 = J- /. o=2r=/. 
a 2r 



*) a:s2r, 



then _ = 0, /. a =s 00 . 



^0 a=r,thenl = - J-, /. o=-2r. 
a 2r 

^ Qf plano-convex lenses the equaticMi is 

2r a a 

' the other values can be found the same as in C. 
concavo-convex glasses the equations may be deduced 
be preceding, by making the radius r or r' of the 

ty negative.] 






V. DOUBLE REFRACTION OF UGHT. 



§313. 

refraction is meant, that property possessed by many 
bodies, of dividing into two portions such rays of 
ransmitted through them. Objects viewed through 
ices consequently appear double, 
iliar refraction, however, does not obtain in every 
wbieb rays may pass through the txaos^ttf^iilXiQ^^ * 

*• 2 
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nf light striking the hce a d in the point m ; n r vaiild 
'ts mis, and the raj Im <rould be divided at m inloliw 
two tun and mp. The line mn is the ray of oidinDiTw- 
fnction ; its direction is detetmined finm Ibe indei ^ 
lefraclian (S3DD.) scoonline' to the ordinaif Un of re- 
fraction, anil it is marked b; the dotted litte. The liKia^ 
on the conirar J. is the ray of eitrHordiQary refrttction, •lii* 
U inclined faither from the mis than the other, and ii da- 
linguisliahle from it iu ihe diagram by its hating liUl« 
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angle n mp fonned by the diicrgence of these t' 
6^ 13' vhen the ray impinges perpendicularTy oa tbecrjilii- 
— On emerging from the Ihcg be, both the rayi (ufln • 
second refraction, and as the two refracting faces airbct 
parallel to each other, th«y continue in a direction pariUe' 
to the incident ray t tn, and to each other, at pg and ■ o, 

/Imrti Expt, Ley a piece of leeland apar willi '•• 
natural (ace oier a black point printed or written upon i 
piece of white paper ; the point will be seen double inwlot* 
eTer pontton the crystal may be placed. 

If we look terlically down upon Ihe crystal, both poiBtt 
will be in the diagonal of the obtuse angle, or in thelioe^ 
the principal section. The point which is nearer to ibe 
acute angle of (he upper face of the crystal is seen there f^ 
Gonaequence of the extraordinary lefraetion. 

If the crystal be turned round over the point whilst ih* 
ejv is steadily fixed in the same position, the image fbrnx' 
by the extraordinary reli^ction moves with the principd 
section about the image which is formed by the ordinorf 
refraction. — Thus it is easy at any time to detinnioB 
which is the ray of ordinary and which of eitraordinarj 

Fijlli Eipi. Place one of these crysluls with the diagonal 
nf its obtuse angle over n straight line, and but one image 
will be seen, because both the re&actions are in the direction 
of Ibis line, the objiCtver as in the former case looking 
perpendicularly down on the spar. Turn the crystal, and 
two lines will be visible, which will recede from one another 
until the diagonal outs Ihe line at rig^hl angles, when Ihe 
image of eitraordinary refraction will have attained its 
maximum distance from the image of ordinary refraction. 
" ~' lolutlon of the ciystot be continued, the linei will 
iproBch till the diagonal of the principal section 
ag^n comcides with the line. 

Fla- 66- will illustrate tbe production of the dauble image 
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, tiking tl 
eb, on entering Ihe crynul it 
wiU be diTiileil inlo the ray of 
ordiiur; refrsction n I. and the 
eitraordimry ray ta/, which 
ncedn from the aiH m r. The 
emerpeat rayi io and/i, which 

two lefracLed rays, arc parallel 
to ;im and to encb other. 
Again, leta be a point near to m, 
and let p ■ be its incident ray ; 
it will also be cleft into the 
y tmj oA, and into the citraordinary ng, which on 

>, pai^lel to pH and to each other. Since the ray of 
eitraordinarj lefraclion forms with the ordinary ray an 
uigle of a few degrees, it is readily perceived that if the 
point) at and s are sufficiently near, (he ordinary ray mln 
•rill be cut bj the eilraordinary ng somewhere between / 
andn; let it then be out in z. Bui ai the emergent ray /» 
ia parallel to p n, and go to p n, I o and g o muxt intewect 
euh other somewhere beyond a d; let ihem do bo in a. Now 
if a spectator stand id that his eye at d sliall receive tlicse 
two rays, be will see the point p by ordinary refraction in 
the direction d/. and by extraordinary refraction in the 
direction og, or Mp', that is to say, nearer the acute nnglc d 
•( the body. If the crystal i>c mode to revolve about the 
ordinarj ray op which goes perpendicularly through it. then 
the image p' gmeratsd by ordinary refraction will move in 
the lame direction as Ihe crystal around p. 

Of the eryst^s which posseat this properly of double 
refraction, there are many which hate only one axii of double 
refractian, as the Iceland spar ; others again have tav arti, 
which are Tariously inclined towards each other. To the 
former class, besidea the Iceland spar, there belong roct- 
crynal, tourmaline, sapphire, ruby, emerald, &c. ; to the second 
class mica, tapai, gypsum, arragonite, nitrate of potaih. be. 

Id all crystals with only one axis of double refraction, 
which tor tile moal part coineidei alao v'ttlt tlwvt u.is of 
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beam through a prism, a stripe of light r e, which may be - 
most conveniently received on a white screen, or even upon 
the wall of the room : the direction of the refracted ray we 
know from § 305. The ray will also be not merely diverted . 
from its original course, but it will be dispersed or spread- 
out like a &n. 

b.) This stripe of light is not white, as was the case with 
the original ray, but coloured, and in fact the six prismatie 
colours arranged in the order given above, that is to say, the 
red is nearest the vertex of the prism, and the violet will be 
the farthest from it ; the former is therefore the least, and 
the latter the roost refracted. 

c. ) If the screen on which the spectrum is received be 
brought close to the prism, the space v r will be coloured 
only at its extremities v and r, the intervening space being 
white. As the screen is removed to a greater distance, the 
other colours make their appearance until the intermediate 
space becomes completely coloured. 

d. ) If an object be held in the different coloured rays of 
the spectrum, it will be evidently illuminated most strongly 
in the yellow light, and the intensity will diminish as it is 
moved towards the limits of the spectrum. Words written 
or printed will therefore be read distinctly in yellow light at 
a greater distance than when held in light of any other 
colour. 

Second Expt, ComplemetUary Spectrum produced when 
any object is viewed through a prism. 

A radiant point seen through a prism is not merely de- 
flected from it^ position as we have shown (§ S05.), but it 
appears in the form of a straight line lying in the direction 
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of the plane of refnctioD ; this line is composed of the prU- 
mfttic colours continuously arranged, but in an inverted order 
to that which they asumed * in the preceding experiment. 
The Tiolet will now be nearest to the vertex or refracting 
angle of the prism, and the red will be the farthest from it. 
It will be seen irom /g. 68. that this arrangement of the 
colours must necessarily obtain. 

Now if a white screen about two inches in width be the 
object viewed through the prism, and supposing it to bo 
brought close to the prism, then there will he a column of 
colour at top and bottom, but all its middle will continue to 
be white. Increasing the dbtance of the screen, the next 
portion to the violet will be changed to blue, and that next 
to the red will become orange. Removing it still farther 
from the prism, the coloured portions will increase in width, 
the white will be completely coloured, and the screen will 
present a perfect spectrum. 

&r Isaac Nevrton, who discovered the compound nature of 
light, by distinguishing the light and dark blue as blue and 
indigo respectively, made the spectrum to consist of seven 
colours. If we observe attentively we shall see that the re- 
spective colours are not strongly defined, but that the red, 
by almost imperceptible gradations, is changed into orange, 
this again, in like manner, is softened off into yellow, the 
yellow gradually becomes green, the green becomes blue, and 
this last colour increasing in depth, is at length changed into 
violet. Hence it has been inferred that the differently 
coloured rays possess a different degree of refrangibility, 
incmsing fh>m the red to the maximum attained by violet. 
The coloured stripes in the spectrum are of unequal widths. 
AcoordJiig to Newtoa'8 investigations their i^s^ecxX^^ v«\^\\v$. 




" From this view of the constitution of the solar spretr 
we may draw the fbllowitig conclosions : — 

"I.) Rid, yeSati}, and Um light exist at evcrji jwiotot 

"3.) As s certain portion of reij, yefbv, and Kw aw 
tute uhile light, the colour of ever; point of the ^iMlT 
nmy be considered as consisting of the predoininBting col 
at aoy point mixed with white light. In the red space tl 
a more red than i* necessary to make white light vitb 
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yellow space there is more yellow than Is necessary to m 
white light with the red and blue ; and in the part of 
blue space whicli appears violet there is more red thu 
low ; and hence the eiuess of red forms a violet with 
blue. 

.• _ — _ Kow, if we suppose that three parts of yel 

two of red, and one of blue, make while, we shall have 
colour at Y(jfp. li.) tiiual to 3 + 3 + 1, equal todipK 
wliite mixed with T parts of yellow ; that is, the coo^ 
tint >t Y will be a bright ydlaw, without any trace of n 
blue."^The quantitr of red ligbt existing In Iheon 
may perhaps be equal lo 4 parts with 5 parts of yellow, 
1 of blue ; then, fram the preceding explanation, it Bpf 
n 3 parts of red and 2 of yellov light ir. 
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■pectrum. 
Eaehofthe six prismatic colours ha; 
■(orv colour, with wtiicb, if it be 
The complementary colour 



pound colours ii 



enlolei 



ipound 
fundamental ones ; and for cai 
t primary one ivtiich di 




V '5 nil wTTC, in * dinple mumer, to illurtnlc lh«c 
^nilioai. Hm time circles vhich inUnect aacb other, 
ao that the circumlerenci! 
^ff. IS. of each puns through the 

eeDlres of the otber t>o, 
oontain the three priniiry 
colours — rtd, jftBac, and 
blm. Where two of these 
tpaeea come together, we 
luTC the scGODiUrj colours 




In the middle portion, 
where the three funda- 
mental colours are com- 
bined, we have kuUM. The 
oamplementarr colours are 
placed in the diagram op- 
poute to each otber, nir- 

Kiig the white light, to represent its reproduction b; 

ombinatioD of colours. 



Gpire presented b; a lianaierse section of a lens lie 
' considered, it will be seen that the conTei lens 
.tes prettj aearl; to what would be ibrmed by placing 
I, with their bases, one on the other, fig. 76. A ; and 
that of the eoncBH lens to the figure made 
Te. by placing two prisms with tfaeir Terticea 

I touching each other, fip. 75. B, but that 
in each the angle of refraction is greater 
towards the edge of the leus. 
Rays which are transmitted through 
these glasses must consequeatly undergo a 
prismatic dispersion in addition to their 
ordinary refraction, and this dispersion will 
be greater the nearer the rays are to tht 
edge of the lens. One eonKquence is, that 
nrad through them, and images formed by ihetn, sre 
at Itwir edges, by which thej lose in diitinctnesa even 
bv the spherical aberration of the rayt of light. (§:<09.) 
t appearaBC* caused hy this prismatic colouring 
mMtic attrrafinn of lenses. It is especially detrl- 
I the conTei slasws (or oljeci glasses) c( telescopes, 
7 are employea tor the formation of aerial images of the 
ejects wbieb are riawed through the instrunient (lid. 

o a 




To render tbis phenomenan, Tesulting froni th 
the sun's ray*, more in[elligible,let R,Jig. 77. rep 
luiainoui point ; every xtij in tbe pencil ABB 
^m it Is not onJy refracted, but the pencil U dis] 
tbe prismatic colour*. Tbe most refrangible rays, 
meet nearer tbe glais, at s, the red fiirther off, at r. 
« and r, vbere tbe greatest number of raya meet, i 
point, there irilt be a circle, haiing ■ diameter 
cirele is called the circle oFal>erratian. 

Firit Erpl. Referring sull to Jig. 77. : interce 
vbich have p^.1^<ed through IheconTen lens before 
at tbeir focu^, bj placing between the glass and 

white in tbe middle, around which there irill fa 
yellov, fringed off towards the edge into red, 
position of the paper, the red being outermost, 



Next, place tbe paper beyond the locus at 8' ! 
utermost circle will he Tiolet, shaded off* into 
'hite in the middle. — In this case, as fig. TJ. 
ounding tone consists of violet rays. 

Sccend Expt. To procure the coloured rings d' 
be preceding experiment perfectly distinct and 
lie interior white space, cut a ring-shaped hole ir 
\ua card-lioard or tin, as is shown in^. TS. sue 
diameter may be rather less th 
Fig. 78. the lens's circle of aberration m 

Hold this screen at the focus, i 
circle of aberration may liill eia 
space within the ring; tbis 
receive all the light, so that no r 
transmitted through tbe aperloi 
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«Bd, last of ally a white oof^ if a Meond sheet of paper be 
hdd beyond that inwfaieh the aperture is. In like manner, 
if the plane be removed beyond the fociu, a violet ring will 
iffrt be visible ; nexty a blue ; and then a white one, as 
bcdbre. — Tbe node in which these rings are produced is 
dear ttoniftg, 77. 



§ ssa 

an object of eoonderable importance to discover some 

by whieh this indistinctness of the images, owing to the 

I flbrftfifitt^^ abenation of the lenses, might be counteracted. 

I praUem to be solved was therefore, just this, to produce a 

of the rays of li^t» which should be unaccompanied 

, prisma^ disponon. This desirable object was attained by 

_ two sobstaoeea^ which, with nearly equal refractive powers, 

i vny disiinular dispersive powers. The substances employed 

and flitU-gloMi, A prism of the latter kind of 

1^ posMSMBs a mudi higher dispersive power than a similar 



^|Bm of envwn-^asa^ but the refraction of the rays is nearly the 
IB both. Henee it beeiames practicable to construct achro- 
mtkcK eohmrkuprigmiundletueM, 

Cnmm gkin is made of flint and alkali only, oxide of lead 
•rters into tiie comporition oiflinl-glau. 

Aeoordin^ to Dolland's observations, the mean refractive 
power of ilint-glaas is to that of crown-glass as 158 : 153 ; 
•''""■^Sng to Fraunhofer's, 164 : 153 (vid. § 300.); the 
primatie dispersion in English flint-glass is 1} times, but in 
Aaunboiier's it is twice as great as in crown-glass. 



§321. 

AaedbvMMrfJeprifsi is one through which objects are viewed 
iv'betid indeed, so that they are not seen in their true position, 
^ yet fifee from a prismatic fringe about their edges, 
l^f eoonst of two prisms fitted together, the one being of flint 
■■Athe other of crown-glass. The vertical angle of the flint- 
tj^ prism must be less than that of the crown-glass, and their 
te must be inversely as their dispersive powers. 

In Enf^ish flint-glass the vertical angle of the flint-glass 
prism mnst be } that of the crown-glass, but in Fraunhofer's 
■it must be j the stseu 
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tanoes be dotely obaenred of these bright tod dirk wpof 
from j/ and j/', the centres of the renpeetiTe tystenn. it iri 
be seen that the first bright stripes J I are at Uie distance < 
an entire wave from the line passing through the middle * 
the /ig, ; the next bright stripes II II are at a wsrc 
length from the former, or of two wares* lengths from tli 
middle line ; and so on for all the successive bright itript 
the distances will be 1, 2, 3, .... » waves* length. On tli 
contrary, the lines of interference (marked by the large dots 
will be at the distance of ^ a wave, 1 ^ wave, 8^ etc. wsvea 
or, expressing it in general terms, those rays of light wfaie 
produce interference, or dark stripes, are at the distinee < 
jt, 1^, 2^ . . . . n -h ^ waves. Lastly, as the length of tfa 
undulations differs according to the colour of the Bgh 
(§ 32.5.)> it follows that the distances must also diffiff; >' 
red light, the light and dark stripes will be almost as i* 
again from each other as in violet light ; in white Ugb^ 
then, alternations will closely succeed each other, and tb 
stripes will consequently be of the prismatic colours. 



§327. 

The interference of the rays of light is the exciting eaus^ . 
Newton's coloured rings as they are sometimes called ; also of \ 
prismatic colours observable in thin fish-scales, in spirit*o&^* 
if it be made to cover some dark surfrce in extremely thin Bl^ 
These colours may also be seen in a drop of oil as it spreads ^^ 
a surface of water, in pieces of crystal, especially in Iceland ^ 
rock-crystal, &c. ; they are visible too in soap-bubbles, in €>* 
blown-glass, on the surface of mother-of-pearl, on the wE^ 
of many species of insects, &c. These prismatic colours W 
produced by reflection in the Iris button invented by Barton, ^ 
entire surface of these buttons being divided into a vast numf^ 
of fine grooves. 

First Expt. To produce Newton's coloured rings, obt^ 
a fiattish convex lens (a watch-glass will do), and a piece 
common window or plate glass. Press the two steadi 
together, and luminous rings will be seen about their poii 
of contact, of the same colour with the incident rays, if th 
light be homogeneous. These rings are separated from eac 
other by dark bands, as the light diminishes from the middl 
of each of the rings. The smaller the waves of light, the les 
the rings they generate ; in violet light they are at a mini 
mum, and in red at a maximum. In reflected light th 
point of contact is black ; in transmitted light it is bright 
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the ringi which in reflected light appear luminous, are dark 
in transmitted, and vice versa. If white light, or sun-light, 
be uaed in this experiment, there will be as many systems of 
rii^ as there are colours, in consequence of the unequal 
jo^ths of tiie undulations of the primary colours ; these fall- 
ing partly over one another, produce the compound colours. 
On comparing the reflected with the transmitted colours, it 
will be found that the latter are invariably the comple- 
BNBtiry colours to the former. 

Second Expt, The spectrum that may be observed in 
^^ters <^ glass or of crystal, or between the leaves of many 
^Tstalline bodies, as ex. j^. is common in the gypsum of 
Moatmartre, is strictly anal(^ous to the coloured rings of 
Newton, <mly that in these instances the colours are not 
'^larated by circular dark spaces, but by very irregular dark 
'^^^ — Similar effects may be produced by breathing on 
^0 plates of glass, and then pressing them tightly together. 
Jneie figures will vary considerably in form, and if white 
%ht be used in colour also, if on pressing the plates to- 
^^her, one of them be moved along the surface of the other. 
Third Expt. The spectral colours of a thin film of soap- 
Suds show best in vacuo. Dr. Bottger describes the follow- 
'^mode of performing the experiment : — Put into a com- 
mon pint bottle of white glass about \o£ a dram of soap, 
^raped fine ; on which pour about a couple of ounces of 
^istUled water. Heat the bottle carefully, under a constant 
I^TesBure, over a spirit lamp, till the soap is dissolved in the 
^Inall quantity of liquid, and its temperature is raised nearly 
^ the boiling point. Then skilfully close the bottle with a 
"^rk, which, on accoimt of the rarity of the air within, had 
better be covered with a coat of sealing wax. Keep it in 
(notion until the temperature sinks to 75^ or 80^ Fahr., and 
^ bladder of soap will be produced, completely filling the 
Interior of the bottle. The upper segments of the bubble 
display the most splendid coloured rings, which are produced 
by the infinitely minute particles of soap extending them- 
selves in thin layers. The bubble may be kept sometimes 
for several days in the vial, without bursting. Observe that 
the bottle should not be held quite horizontally, and that the 
film of soap has not spread itself in a slanting direction, but 
lengthwise, to obtain the result in perfection. It is but 
right to add, that a first attempt may not prove successful ; 
but expertness in making the bubble will be acquired with a 
little practice. 
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VIII. PBEKOMKMA DBTKHDIHO OK THB DIFFRACnON OF U 

§328. 

The deyiation of the rmys of light fircm their rectilinear < 
in passing the boundaries of opaque bodies, so as to cast 
portion oi light on the shadows of objects, is termed the tii 
or diffraction of light. If the light be homogeneous, thei 
stripes will be observable among the diffracted homogaieov 
such stripes being parallel to the ades of the body which ci 
shadow. If the light be white, the lines will be tinged w. 
prismatic colours. 

Grimaldi, of Bologna (1660), was the first who i 
the diffraction of light. In modem times, the subje 
been investigated, and explained by Fresnel, Fraui 
Herschel, and Schwerd. 

Some of the simple phenomena, which are owing 
difl&action of light, may be verified by the foil 
experiments: — 

First Expt, Suspend an opaque black ball in the 
rays, and the presence of light in the shadow which ii 
will be very perceptible. 

Second Expt, Hold a bit of fine wire, or a needle, ' 
similar object, close to one eye, the other being closed 
look steadily at it against any light background, as 
dow, or a candle, and you will see several needles. 

Third Expt, If sun-light be admitted through t 
narrow crack into an otherwise dark room, several 
will be visible at some distance from the real one, sep 
by dark bands irom each other. 

Fourth Expt. Make a rectilinear incision, with a 
penknife, in a piece of cardboard. Look through the 
the flame of a candle, and on each side of the real 
others will be seen parallel Xo it, and marked with the 
tral colours. This experiment may be rendered still 
striking, by looking through the slit in the cardboard, di 
at a narrow cleft in the shutter by which the sun's ra 
admitted into a dark room. 

Results similar as to colouring and extent, but of g 
beauty, are obtained by making the light to pass tb 
several apertures, ranged close to one another. 

Fifth Expt. Look at the flame of a candle throu| 
thinnest part of a feather, and you will see several flat 
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• mr: the Inrightnev of their eolouring vUl deper.d o'. i:.^ 
intensity of the light. 

Sixth Expt, Look at any luniinoixs point throsgr. a y'-vcv 
of fine cloth, and the light will be obviously ir.Rcv-tc-L; .:. » 
direction parallel to the texture cf the m:iter:a]. 

Tbese phenomena can be explained, accord! njr to the C',r- 
piiKular theory, only by calling in the aid of o:ht:r a-^\;.!:ir^ 
hypotheses with regard to the nature of light ; air.cu i: i^ 
OBumed that this diffraction is owin^ partly to an a:t:actii>r. 
*od partly to a repulsion exerted by bo^'iics on lii^r.t iii it" 
pottge past them. This explanation is unsati^fjct'iry. a- 
K fiuls to account for the origin of the dark inters ci.ii.^ 
apMes, 

The undulatory theory, on the other hand, re;?arl]^ all 
tbese phenomena as consequent upon the ixitcrt'cier.c-j of 
li||[ht; and that when the naves of li;!ht impingL' on «o1id 
l^ies, they are disposed to propagate new unduiation^. 
vbich start from these points of incidence, and by crossing each 
<>^'8 paths, produce interference. Compare with this ^^ 
p20. 222. 227., and especially what has already been advanced 
in reference to this subject in § 226. 



IX. FOLARIZATION OF LIGHT. 

§329. 

^[bt thrown back from reflecting plane surfaces as well as 
"'^vhich, in its transmission through transparent substances, 
^ undergone either ordinary or double refraction, possebM.'s the 
•"lowing remarkable properties : — 

. !•) It is not perfectly reflected from a second reflecting plane, 
'o^ery position in which such plane may be placed. 

^•) It is not perfectly transmitted through a second transparent 
^h whatever the position of this second body : and lastly 
,. 3;) It is not doubly refracted by a body possessing tliis pecii- 
"*i^ (§ SIS.), in every position that such body may occupy. 

light thus peculiarly reflected, or refracted, is said to be 

I^is effect is produced in its highest degree, that is, light is 
P^ecdy polarized only when it falls on the reflecting or refracting 
PW, at some particular angle ; which is called the angle ofcom- 
f^ ot perfect polarization. It differs, however, according to the 
^nre of the body which causes the reflection, or refraction. 
According to Brewster, complete polarization obtains only when 

^oi,u, H 
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PLANS OF folabuahoh* 



Fig, 82. 



the refraeted ray, 5 e,/f 
makes, with the refleetei 
he, tk right angle; so 
angle c6e»90°, and a 

According to Bi 
ter's law just ref 
to, it follows that 
^g, 83., be the ang 
ooaaplete polarin 
jf ■= 90— ar, and o 
quently m. y « c( 

But from (§308.) 

expresses the index of refraction ; substitute cos. xfors 
sin, X 




and we have 



COS. X 



s tan, X ; whence the law expressed 



bally is, the tangent of the angle of complete poktrizati 
invariahfy equal to the index of tefractxan. 

From these data we can readily determine the ang 
complete polarization for any substance, if we only kno 
index of refraction. Thus, ex. gr,, according to the tab 
indices in § 300., the index for atmospheric air is 100, 
that for glass, 153,200; and for water, 136,600: 
sequently, the angle of complete polarization for air 

153200 
glass is tan, x — 1QQQ03 = 56° 51' ; and for air and v 

136600 ^ ^, 



§ 330. 

That plane in which a polarized ray is capable of being 
•pliBtely reflected, or transmitted, at its proper angle of polarii 
from a second plane which intercepts the ray, is termed its 
vfjTolanzation, 

Every ray of polarized light has one plane of polarization 
refleetion, and another for its refraction ; and these two plar 
at right angles to each other : a reflected and a refracted r 
therefore poiarized at right angles to each other. If the pia 
reflection and refraction are perpendicular to the plane of ] 
zation of the incident ray, in that case the polarized ray v 
neither reflected from the transparent body, nor trans: 
through it : the ray is then said to be polarized in a plane j 
dicvlar to the planes of reflection and refraction. 
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Tbe two rtys of a ny divided by double refraction are both 
poitnaed ; but atrigfat angles to each other. The ray of ordinary 
refrBetioD lies in the plane of the principal section, whilst the ray 
of extraordinary refi«ctioii is polarized in a plane vertical to the 
former. (§ 314.). 

To explain the causes of the polarization of light is among 
tbe greatest difficulties in the whole science of optics. 'Vhe 
most simple and satisfactory explanation is that afforded by 
the undulatory hypothesis. Tlie principal phenomena will 
be accounted for as we come to liiem, in accordance with 
this theoiy. We may at once explain how the aether is 
supposed to vihrate in polarized light. 

It is assumed, that in non-polarized or common light the 
particles of aether vibrate every way in the direction in 
which the waves are propagated (§ 277. ), but that in pola- 
rized light the motions take place only in two opposite di- 
rections. Tlie plane in which these excursions take place is 
called the plane of vibration ; if a plane be conceived to be 
situated at right angles to the plane of vibration, and in the 
direction of the ray, this will be its plane of polarization. 
Hence it follows that the vilnrations of the particles of pola- 
rized light take place perpendicularly to the plane of pola- 
rization. Let A B, J%jr. 83., be a ray of polarized light, and 




the surface of the paper its plane of vibration, then the curve 
^f'Vg'e'KvrWX represent the atoms of aether vibrating in 
this plane at some particular moment, and a plane placed at 
right angles to the paper in the line A B would be the plane 
of polarization for that particular ray. 

Instruments contrived for the exact and convenient ob- 
servation of these phenomena and others shortly to be 
detailed, as also for the measurement of the angle (^polari- 
zation, are called pohriscopes. They are variously con- 
structed, but Baumgartner's is, perhaps, among the best 
for its simplicity, as well as for its convenience and accuracy 
IB the management of observations. 

Its construction in the main is, first, a plane mirror a, Jiq. 
84., of glass, blackened on the back and varnished, which h 
inclined at an angle of 57° to the horizon*, thU mviioi lu- 
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3L SeJUctUm tmd Refraeium of Poiarixed Light. 

§ 331. 

If polarised light be reflected, we shall find 

l.> That a ray of light ialliiig under the angle of complete 
>1arizatlon on the first polarizing mirror, and being reflected 
lence, will be completely reflected also from the second mirror, 
the plane of its incidence against the first mirror coincide with 
le plane of its reflection from the second. 
2.) The second mirror does not reflect the light polarized by 
le first, when the planes of incidence and reflecdon are per- 
endicular to each other. 

Fig. 65. 



Ill* 
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Lei A B, Jig. 65., b« Ibc mirror of iioInrUuioa, <i ■« 
ocdiiuiry rsj incidmt vpoti it, nnd be tbe paliriKd isF 
leHpcted from it. ThU rn; will be reflected from tbo lam 
or reflected tnimn C D, in tbe direction ciJ, if C D be ^ 
rilld ts A Bu 1*, and again vhen h has been nira«dlK''t 
or > half circle from thse: punition as II*. In bath axfc 
uecording to 1.). the incidenl, the polariied »nd rdKlei^ 
ta;s a i. A c, and c (I arc in one and the tame plane; infiMt 
according to the diagrain in tlie plane of the paper's m^- 
ficies. 

But if by 2.) the reflecting roirror moke an angle of W 
with tbe mirror of polarization, or if these tvo cn»s <vl> 
other as C D, III* represent*, then C D will not IbrW 
back the polariied ray td, which blls upon it at c, bccnait 
its plane of reflection, aa the diawinjc shows, stands perpep- 
dioular lo the sutfcce of the paper. The like result folio" 
from similar cauws, if the mirrnr bo turned round 970°. 

Hetwe it follows, that during one entire revolution of I* 
second or reflecting mirror about the polarized raj ^^^ 
falls upon it, it comes tntn two positions, sueh thit^ 
hght thrown on it from the first mirror will be oompWaT 
reflected, and io two otliet positions in which tbe incW^ 
ray will be absorbed. If we mark the lirst poaition, inwbia 
the mirrors are parnllel to each other, and in which conp'j'' 
reflection obtains, with zero, then at 90° frocn that point til 
reflection will be nil, at 180° it will again be complete, "° 
at 370° again nit. In any intermediate position (be reB* 
tion will be partial, and the nearer the ray lo the angl^ 
refraolion 90° or STO", tlie more feebly is il reflected. -^ 
cording to Malus, the intensity of the reflected light i» 
variably proportional to the cosine ' of the angle formed ^ 
the incliiiation of the iiist plane of incidence with 
second. 
If several plates of white glass, laid one on the other, be s*; 
ttiluted for the roRectiog minor, the light polarized by reflect* 
»rill present •ite following appearances ; -^ 

I.) The light reflected rrotn the first mirror is not tranamitC 
hrough the glass plales if itsplane of refraction coincides with, 
I parallel to the plane of (cHeclion of the (ir^ or polariiii 
■ i.mCHiaJigi. I* and II'. 
2.) The maiimumofthe light polarized by the first mirror 
" insmitlcd through the pUtcs of glass, when the plane of its r 
lOtion is perpendicular to the plane of reflection of the fli 
rror, i. t, when tbe glass plates have the pusitioti C D in 1\ 
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Hence it appears* Uiat a ray polarized by reflection is 
taraosnutted through glass when its position is such tliat it 
eaoBot reflect the light ; and, conversely, that it is not trans- 
mitted through the glass plates if it can be reflected from 
their surCuas. 



§ 332. 

The following are the phenomena to be observed with regard 
^ nys of light polarized by refraction : 

1.) light which has become polarized by passing at the proper 
Ugle through several plates of white glass, ranged one upon the 
<>Aer, will he transmitted through a similar system of plates, if 
^ plane of refraction of the first system coincides with that of 
ti« second. 

2.) Light polarized by the first system does not pass through 
^ second, if the planes of refraction of the two systems of plates 
"^ at right angles to each other. 

Let A B, Jig. 86., be the first system of glass plates, on 



Fig, 86. 
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which an ordinary ray a& falls at the angle of complete po- 
larization/ bed will be the ray polarized by lefcactvow* 
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im the SbK 9fle the rw pmmes thnngh ■ Hcoivf ly^br^^^ 
■TpliBptuiaCDv if it ta puallel, n I*, to A B, otiC ^^ 
II*. i* tc Eumet Btnml li<0°. or luJf a circjev In bi)^^K> 
^M illB ph^ ■< Mhwiiufi or A B and C D coindtle, i ^t- 
t« MiA rf^ mA A> psinriwii n* c i^ lie ia the auoe pl CTTi ■ 

Am if Ac Hnd tji&^ia of giiLH pUba C D be at a** 
aaglr nt XP la llw biaieT. u ia HI*, tiim die n; i ne*^ 
rt tf B not Dm^Htlcd, far hi ptane of retrBClioo B ib*^ I 

r to the plane of the papCTi . 

It paluivd b J refnictian obey* ' | 
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drrom 
glua pUle, Mid jou viH find rixt : 

I . ) The iijiht tnaamitlcd thronirh tbe first rysian iriU not b^ 
toflecisd by Itie wcond, if Ibe pbne oT nBeetioii coiacuie 'id' 
llie pline ot refractiaiit u in poaiuoDi 1' Bod 11", vhen Ib^ 
pliiiv of rrfrnction of A B, ind tbu of reflection of C D, U^ 
luppiHHl to lip in the lurCwe of tlw paper, ind 

9.) ThM.nii tlie cxmliarj. (he mirror, or theoulenncHtFllW 
uTiIw wcunil jifilrm, rrfleculh* ray poUrited bj ihefir^Htbff 
plaiiB oT nfteclion b* it right angta to that of lefracCion, u C D 
_^ in III*, llie plaiw of rell«lion in thii caae beiog TCrtieal to tin 

A ttmilar f»l«lloo «p|)™n to obtain with r^ard to ligbt 
IMiIiU'ImiI liy TcfMctlon, « we found to eiin m that polaiiud 
BJ IvIlwtliHi I iinc* llw my which the first sytiem of plaits 
hwl noltrlicd "111 nol be reflected tioni tbe second, if iu 
nnlllun Iwauch m to admit ofthe trantmissiou of the ligbt; 
tod nHl**nrix, llwt when tnnsmissian is impracticable, the 
t«} U r*ll*el*<ri and lutlj. that this reAection occurs just it 
"' ' ' fKlltll in the tyslmu i>f plates at which light, polariied ij 

ion of light 

, i preceding 

il lliia condition may be induced hj twu 

riiFllivT, B« has been already renurktd 

>!' |i"lari«ation, and the planes in vhicb 

hlUi'r. HxuHt tlie particles of lether in 
ItIIimi tihmte in a plaiie which stands 
lili.ii- .<i'ii<lh-;^iiuii of ihe first or pola- 



rA ttmilar n 
ImiIiU'ImiI hy n 
by ivIlwtliHi I 
hwl noUrlied 
nnlllun Iw aut 
tod nHl**nri] 
lay U r*ll*el*<r 
Uijl polnl in II 
tthrllDiti wtin 
Fivtn IhF pi 



The particles of a jay 



fdiuned bj lefractitm vibrate in (he plane of refriction i 
nd tbeir plane of poluintiDn ii lerlical to it. 
Lm R Y. jSs- 87. l; be ■ ray ! it will be poliriied in llie 

Suppoae aofrtto be the plaae of vibration for llie ray pola- 
nied by reflection ; then the serpentine line drawQ upon it 
*iU be the cone of Tibration and intensity of the poUrized 
particles, eeif if being tbeir plane of polarliaiion. ]n like 
■uinei, eedrfwill be the plane of Tibration, and a o 6 b that 

Fig. 87. 




dF poUriiation, fi>i the ray polarized by refraction. If A B, 
fy' S7. II*, be a perspective representation ol a polarizing 
mirror, on which a ray, ab, fella at the proper angle i be 
would be the reflected polarized ray, and C D would be its 
plane of vibration; the curve which is drawn on it eipress- 
ing the Tibrations of the polarized particles of sther. Fiff. 
87. Ill* is a simitai representation of a lefraclcd polariied 
ny : A B U tbe system of glass plates ; □ b the ray incident 
Ibereon at the angle of complete polarization ; which, being 
le&acted in the direction 6 c, is propagated lowardsfd, as a 
ray polarized by relraciion. The plane C D. at right angles 
Id the glass plates, will be its plane of vibration ; and the 
curved line depicted on it will be the curve in which the 
polarized particles move. 

Now, as ■ ray which falls on several plates of gla«B is 
partlj' reSeoted and partly refracted, U a Axxt 'iaoi.'A. \dm9X 



iHcnriaiit on tie PolariialilHI tf O, 
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!f poUmed light be Iranemitled through »ery t 
perfectly crystBllined bodies, which have been split i 
direction of their primuy aiis of crjslallixBtion, u ei , . 
leaies ofgjpauni, or mica : this light, on being polviied > 
time, dinplajri! ncv properties ; fbr, an turning round the <^ 
or the second mirror of polariiatinn, or the system of ^ 
as the case may he, there will arise an altemation, not 
the intensity and dimness of the light, but also in. its n 

Id tdl tliose positions in which the primary section ol 
tal forms an angle ofO°, 90°, IBO^.and 270°, with the p 
reflection of the first mirror, i. e. when the plate of eryi 
coincides with the plane of reflection, or is vertical to it, 
or ray appears bright in the second mirror, if it be a 
that its plane of reflection coincides with thot of the fir 
If, OD the contrary, the mirrors be so situated that thnr 
reflection stand at right angles to each other, then itsp] 
in the second mirror, in the same position of its principi 
These phenomena will be reversed, if the light wlu< 
through the plate of crystal lidl upon a system of glass 
the proper angle of polarization ; that is to say, it sril 
through the glass plates, if they bo placed in such s m 
rendered the second mirror hrighit ; and if Ihey be in I 
in which the second mirror was dark, they become bi 

Turn the plate of crystal in its own plane, right or 
the polarized beam, so that it may occupy a position i 
those already mentioned, and the most beautiful mmple M 
will be seen, those of the reflected ray being iavi 
tnentaty (§318.) to those oF the simultaneously tr 
The colours attain their maiimum intensity at every half-quii 
turn, 1. 1. when the principal s-ecdon of the crystal deviates 'a- 
from the positions named in the preceding paragraph. If die 
■econd polarizing mirror, or system nf glass plates, be turned oM 
quadrant from that position in -which it showed the colours most 
brightly, the colours of the reflected and transmitted rays will lie 
exchanged. 

From what has been said, it is evident that in one entire revo- 
lution of the plate in its plane, and also in one entire revolution 
of the second mirror, or system of glass plates, the light undergoes 
eight changes. Iieing most intensely coloured at the octants, but 
at the quadrants appearing colourless or dim. 

Substitute an achromatic prism of Iceland spar for the second 
;; anA you will see two images of the plate. If th* »^^ 






COLOUftS or fOL^EUXD UGHT. 109 

ons of the pUte of crystal and of the Iceland spar lie in tlie 
ime plane one above the other, or if they intersect at right 
Bgles, (Hie image is bright and the other dim. If either the 
lun plate or the spar be made to revolve about the polarized 
17, the two images are tinged of the complementary colours ; at 
nery quarter turn under 45° the colours acquire their greatest 
fcpee of brightness, and vrhen they partially lie over each other 
di^are whit& 

These phenomena, as well as others to be mentioned in the 
foQowing sections, may be most conveniently observed if the 
fine plate of gypsum, mica, or other transparent crystal be 
placed on the glass which covers the aperture d of the 
polarization instrument, described in § 330., and turned 
nmnd wiUi it. 

The kind of colour shown by these bodies depends on the 
thickness of their leaves ; at a certain thickness, Biot says 
about j|th of an inch, they are colourless, the vivacity of the 
colours increases as the density diminishes, until they are 
Tendered too thin, when the colours again vanish. They 
q)pear of a single colour only when the thickness is uniform ; 
if this be unequal the colours also vary. This peculiarity is 
most evidently displayed in a wedge-shaped polished piece 
of gypsum, one end of which should be so thick as not to 
produce any colour, whilst the other end, for an opposite 
reascHi, is also destitute of colour ; all the colours answering 
to the different thicknesses of the crystal will be seen in a 
tegular succession of bright and dark stripes, the intensity of 
the colours increasing in proportion to their nearness to the 
thin end of the plate. 

These phenomena of colours, and especially the last 
noticed, as also those which will come under our con- 
sideration in the succeeding sections, possess a striking ana- 
logy with the prismatic rings of Sir I. Newton, described in 
§ 327. The undulatory theory attributes these appearances 
to the interference of the waves of polarized light, which are 
retarded in their passage through the line plate of crystal. 



§335. 

Spectra more beautiful than those we have yet described, 
dumcterized too by their possessing definite figures, may be 
o^>tuned by transmitting the polarized light through a slice of 
^ crystal cut at right angles to its axis, the light being made to 
?•» in the direction of the axis. On the second polarization of 
tile light transmitted through these plates they will exhibit 
lerend conoentric rings of varied colours, closely resembUn^ 



mo 

tSewtoa't prismatic rings, and interqcpted in the middle b; 
leotsngulir cross. This crow is rather trhite or black, and 
rings ue always ootnpoKed of the complcmenlary ooloun. '1 
Dr<ns teen in the E««id mirror, or through the system of gl 
plates, will be white, if the mirror or plates be so plwed u 
reflect or tranamit the ray polarized by the first mirror ; it i 
be black if the light be BbRorbsd or unablo to continue its Eonr 
Bath the images will be seen simullanwiulj through an *ctai 
antic prinu of Icoland spar, which will beat display the comp 
menlarj colours of the rings. 

Giloured rings are formed about both the axes nf sn 
crystals as have Ivo axes, their ceotres being inteneel 
■ometimes by but one strught or curved line, instead of 
two in the form of a cross. — I • and II ',fy. 88., reprtsi 
the arrangement of the rings in crystals having but a^ 
axis; III* that which obtains in cryslaU having twoue 




have just described 



n be transmitted through a transparent u 
c.gr. throuRh gloss, no such change as ' 
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icture of the transparent medium. If a modi 
uced in the internal arrangement of these sil 
: application of beat or pressure, or otherwise, tk 
itic phenomena cliHcly resembling those of erysti 
Professor 8eebeclt, who dist^overed this properl 
\e figures thus formed the name of tntoplic colnr 



nrromo couhtebd novftu — thx xrx. Ill 

HiIs peculiaritj may be rendered permanent in glass by 
heating it until it becomes soft, and then cooling it quickly 
in the air. 

I* and II*, in/K^. 89., represent the figures obtained by 
rapidly cooling a square piece of glass, l^^fig. 89., further 
represents the image depicted on the second mirror of 
polarization when in the position shown in fig. 8.5. I * and 
II *, •ifig* 89. II * does that represented in the position III * 
of the same fig, 85. Thus it is easy to determine what 
figures belong to light transmitted through the system of 
glass plates when placed in any of these principal positions. 

Fig. 89. 
I* 





The discovery of the phenomena attendant on the polar- 
ization of light as produced by its reflection from glass is 
due to Malus, 1810; Arago, in 1811, first noticed the pecu- 
liarities in the colours of polarized light, since which time 
these remarkable properties have been investigated by 
Brewster, Biot, Frcsnel, Herschel, Seebeck, and others. 
The limits within which it is proper that this volume should 
be kept are too narrow to allow of our enteting more fully 
into the details of these extraordinary phenomena, which 
have contributed in so high a degree to establish on a firm 
basis the credibility of the undulatory theory as to the nature 
of light ; we must, therefore, pass over eUipHccd and circular 
polarization, referring the reader for further information on 
these subjects to the works of Biot, Fouillet, Brewster, 
Herschel, and others. 



X' OF THE STEUCTUKE AND FUNCTIONS OF THE HUMAN EYK. 

§ 337. 

By the sense of sight, i,e, through the medium of nerves 
^^ni^ for that purpose, we are rendered sensible of the presence 
^ external objects, and also of their /orm, colour , movement, size, 
^fionee, and position, . 
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*' Myopia," or near-sigfatediien, is thst eooditioii of tfie ejne, 
peculiar to some persons, in consequence of wlueh tiiey see (»l»- 
jects distinctly at less than the usual distanoe of dktinct nsbn; ■ 
the opposite imperfection Lb ** presbyopia,** or fiup-aigfak. Ibe sub- 
jects of the former infirmity recetre no dtsdnet impreniflo of 
objects beyond the range at wbidi tliey see dirtiiietly, hi tbe 
images of such objects fiill m /nmf of Uie retina. Far-d^)ted 
persons, on the contrary, hare no distinct imagte of olyeets tt a 
distance of from 8 to 10 inches from the eye, beeauae tiidr imife 
is projected beyond the retina. To remedy tiicse natnnl dcfBCdi 
the latter class should make use of etmvae Inucs^ by which tiie VJ* 
4)f light would be brought sooner to a locus, so as lo Hieet ca tfv 
retina ; and the former class should employ eoNcose sfteetadcsi bf 
which the rays would be rendered more diyergent, and wtM 
consequently, meet on the retina instead of before it. 

The principal cause of either long or sliort sig^ will te 
found to be the nature of the employments in whidi tiieqftf 
are principally engaged. If spectacles are used to ud ia- 
perfect vision, those ought to be selected idiich exaedy i^ 
medy the defect to which the indiTidiikl is sulisjeet Tht 
choice must therefore depend on the distanoe of disdoct 
vision of the unaided eye, and also that at wliidi it is wished 
to see objects plainly with the aid of the speetades. I^et s 
represent the natural distance of vision, and a that wbidj A 
is wished to attain ; then the radius r of the spectacles wludi 

1 1 i 
would suit the eye would be, if double convex, -«i-— ' 

1 1 1 

(see § 312. under A 4); or if double concave, = — +'^ 

(§ 312. B). 

If the distance of distinct vision of a fiu'-sighted perstmbe 1^ 
in. , and he wishes by the aid of glasses to see objects distinedy 

at 8 in., then -=- — —, or r=24 in. ; Le, he must use a 

double convex lens, having a focal distance of 24 in. — Con- 
versely, if the distance of distinct vision of a near-sighted 
person be 4 in., and he desires to see objects distinddy at 

8 in., — =—- + -, or r=8 in., i.e. he would require a 
r 4 8 ^ 

double concave lens, whose focal distance is 8 inches. Spec- 
tacles can« of course, be made to render objects distincdy 
visible at greater distances, but they are decidedly ii^'urious 
to the sight. In case such should be required, their radius 
may be found for any particular distance in the manner 
shown above. 



AKAU&OiU CATA&ACT. 1 1 1* 

Hie iiiTeited image on the retina may be seen by parinj; 
0^ whb a sharp koiie or razor, so much of the sclerotica of 
la ox's eye as renders the remaining portion transparent. 
Kdw bold the cornea at a proper distance opposite to anv 
lomiDous object, as the flame of a candle, and you will have 
a MDall inrerted image of the flame distinctly visible on the 
tumparent part of the sclerotica. 

An artifieia] glass eye, which may be procured at tlie 
opticians^ will be found convenient in illustrating the func- 
tioiis pwformed by the different paits of this organ, as also 
for showing how convex and concave glasses remedy the op- 
posite delects of long and short sight. 

Sometimes the retina becomes partially or entirely insen- 
sible to tbe impressions of light. This morbid condition of 
the oigan is termed amaurosii. Cataract is another diseasi> 
to whidi the eye is liable. It consists in a thickening of the 
orystalline humour ; in consequence of which light is cither 
imperfectly or not at all transmitted to the retina. This 
disease is cured by couching, i. e. either by extracting or 
deprening the lens, and using very convex glasses to dis- 
charge the proper office of the crystalline humour in a 
healthy state. 

§ S46. 

To the production of a distinct image on the -retina, it is fur- 
^ requisite that it be of a certain magnitude, which will depend 
00 the susceptibility of the eye, and on the illuminating power 
ud colour of the c^ject. The image of an object moderately 
Ruminated must be 0<X)1 of an inch long, or the extreme rays 
^ light must form an angle of ^ a minute in the eye at a mini- 
Bum; whence it follows that an object of mean illuminating 
power will be ▼udble if its distance from us is not more than 6K 
w 69 tlumsand times its greatest length. Strongly luminous 
liodies, such as the fixed stars, are visible at infinitely small visual 
*B^ ; they excite in the eye merely a sensation of light, without 
nesting any impression as to their apparent magnitude. 

Plateau 'asserts that white may be distinctly seen in the 
Ii{^ of the sun at an angle of 12", yellow at one of IS'', red 
at 23", and blue at 26" ; but that in ordinary day-light these 
angles must be | as large again. 



§347. 

^g^t must act upon the eye for a certain length of time to 
^^cite any impression/ and such impression will continue even 

I 4 
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4. ) From the number ofthingg interveming hdwten Ae eye of At 
observer and the object, since by inductive reasoning from the dii* 
tances of nearer objects we infer the distances of such as an, 
more remote. 

If, when the distances are considerable, we have no iirta<- 
vening standard of measurement, our conclusions as to tbe 
remoteness of objects are often erroneous, and generally wc 
are apt to underrate their distance : this has been experioiced 
by most persons at some time when looking over a wide 
plane on which there were either few objects, or none at all 
to serve as standards of measurement, especially when look- 
ing at a sea on which there were but few vessels. 

5. ) From the position of the object rdaHvefy to some other otjedt 
whose distance is knoum ; in this case we use the known distance 
as a measure by which to judge of the unknown. 

Our estimate of the distance of any object will be increaangiy 
accurate, in proportion to the number of these elements which 
enter into our calculations. When objects are near to us, nearly 
all the points which we have been considering act together, and 
give greater certainty to our estimate. The greater the distance, 
the fewer of these auxiliaries there are to assist us, until certun 
limits are exceeded, when nothing remains on which to base our 
conclusions. 

By the same means we determine the relative positions of objects 
to one another. We are principally guided by the angle of vision 
which the position of objects makes in our eye, t. e. by the space 
which intervenes on the retina between the images the objects 
produce. When this angle is of an average magnitude, our 
judgment will generally be most accurate. 

We estimate the motions of objects by the movement of their 
images on the retina ; to be perceptible, they must have a velocity 
which will cause the image to describe an arc of one minute in a 
second of time. 

Motions which produce a smaller change than that named 
above, in the angle of vision, are not appreciable by us-, 
hence we do not see the hour-hand of a clock move, nor do 
we perceive the motions of the heavenly bodies. 



§ 349. 

Those colours are called accidental colours which are observe^ 
to be but transient on a body, or which continue to be depicts* 
on the retina for a short time after the object which produced v^ 
impression has been removed ; they are sometimes called svbj^^ 
tive or physiological colours, to distinguish them from such as ft' 
permanent to bodies, and which are termed objective coloU<^ 
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liej mre excited by the extenud impressions of light, under two 
istmet conditicms, tIz. when the eye has been very vividly aflec- 
id by the action of white or eoloured light upon it ; and also by 
le contrast of a cdlour, when white light succeeds the coloured 
Ajs. The phenomenon, in the main, consists in this, that tho 
nt vivid impression after some time induces its opposite in the 
je; thus white light is succeeded by an ocular spectmm of black, 
od each of the colours is followed by an image of its comple- 
Dentary colour. 

Instances of ocular spectra induced by intense luminous 
excitement : — 

Ftrst Expt. Look steadfastly with both eyes upon a black 
figure (a wafer), on a white sheet of paper, on which the sun 
^ines strongly ; and then hold a handkerchief over your 
eyes, or turn towards a greyish or dimly illuminated wall ; 
and you will have the impression of a white wafer on a grey 
ground. The converse obtains, if a white object be looked 
at, on a black surface. 

A similar effect is produced, if a person look steadily for 
some time through a window, at white clouds ; and then 
eover his eyes with a bandage, he will have a spectrum of 
dark clouds behind white window frames. 

Second Expt. Lay any coloured object, as a red wafer, or. 
better still, a piece of red ribbon, on a sheet of paper, and 
look at it till the eye becomes weary with counting the 
threads ; if the ribbon be removed quickly, a spectrum of 
green, the complementary colour to red, will be seen. 

Dr. Bbttger observed, that when a plate of white porce- 
lain was substituted for the sheet of paper, in this and the 
preceding experiment, the accidental colours were rendered 
much brighter and purer. 

Third Expt. Bum a small quantity of red fire in a dark 
room ; extinguish it, and the eye will see a green flame. If 
the eye be closed, the green spectrum will be equally visible 
as if it be kept open. The succession of the colours will he 
inverted, by burning something that will produce a green 
light. A similar effect follows, if the setting sun be long 
and steadily looked at, its red disc being succeeded by a 
green spectrum. 

That these colours are accidental, may be inferred from 
the fact that, if one eye be closed, whilst the other receives 
the impression from the light, the phenomenon takes place 
only in that eye, and not in the closed one. 

Fourth Expt. If we look long at an object through a 
coloured glass, for instance, through a piece of violet glass, 
the object will seem to be illuminated by the sunshine. 
'Sizpenments on ocular spectra by conlTasX. *. — 



Fiflk Eift Cdkm nd Skmicm. — Alaki- tiro mpeclm 
tbc Csn of panHcIa^nin^ in a wiodov shutter, the 
of the bolta bo^ 4 ta 6 indwi. out ihuir distoneu mi 
■Bcaaand borraooUllT, fram l|ti> 3 teet. Clowanei 
apcfftons «ith m itmiiwd ^ 1a» plate, and the otber » 
woodoi liide. AUow ■ ciitoured beam, Ihrough tbi 
opoiii^ Id bU iipoa ■ rod. and it will project a bluli 
' w <ai » slute KTwn plaenl behind it ) the rest of Ibi 
een b«n^ ipparentlj at the same cotouF a& the gin 
nogfa wbteh the Ughl was admitled. In like muuun 
■taaljr while light thioogh the other opening, ud it 
■St ■ blaeiL shadow on ■ while groDod. NoViB 
Imitied umultancouilf ibrougb both the apertuiBf 
ill cast a shadow from eacb of the loarcee oThftlti 
koT them will be eokiuied. iostevdof bein^ bbd^H 
bcbn ; the shadow pn^jected by the day-light belDg el >*( 
same colour with the stained glwu, whilst tbe sliadir ' 
by the eoloured light, and partially illuminated by Ibr 
rays, eihihiD the complementBry colours. Thus, hy ' 
of a green plate, we get green and red shudowsi 
onoge plate, orange and blue shadows, &«. The siie .. 
aperture by which day-ligbi is admitted may be teguliM [ 
by the wooden slides. . 

Colutired shadows may he ohtained in a slUl more ntrip-] 
tnodclhui^ admit day-light Ihroiigh a small opening inf ' I 
room, and project the shadow of any opaque object upW 
while iCteen, Place a lighted candle or lamp at a pn?* 
diMsnce Iriim the body, and It will cast a second shadof > 
the former shadow becoming orange- coloured, and theliW 
blue, llie shadow cast by ihe day-light is rendered 'anag' 
by the orange rays of the artifidal light ; whence the shwls* 
which it cials ncce^sirity appears of tlie cumplemeiiU'T 

Sixth Expt. SpKlrum of Coapl/mtntary Caimrt by Dv^* 

RrjbcHim Lay a plate of coloured glass on a comm^ 

loafclnji-glass ; if a small space, about a { of an inch, be le* 
between the two sur&cea, it will be better. Interpose !>* 
(ween the plate and the looking-glass b sheet of black |»P^ 
so that the under-surfiice of the stained glass may not n*** 
the li^ht; hold a sheet of white paper, on which a bl*^ 
figure IB marked, iu front of the glass ; and the drawing »• 
be reflected the same as in nn ordinary looking-glass ; '**! 
is to my. the while will appear white, and the black, W»= 
If the black paper be removed, h-c shall hare a double im^ 
— one reflected from the surface of the colouretl glass, * 
the other from that of the looking -glass. Take away * 
black paper, the light will paw through Iht ' "■ '^ 
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which we will suppose to be green ; the under -surface will 
sccordiogly reflect a green image ; and the upper one, which 
before threw back a white image, will now reflect one of tlu' 
complementary colour, red. If a yellow or blue ^Inss Ih' 
substituted for the green, corresponding results will follow. 
Tlie explanations hitherto given of these phenomena are as 
numerous as they are unsatisfactory. That of Petrini is the 
simplest and most natural. Every nerve, he says, becomes 
fiitigued by an impression continuing long upon it ; and 
every less powerful impression fades away, or is received less 
vividly, when accompanied by one more powerful. When, 
therefore, the eye has received a very powerful impression 
from any coloured light, the sensation 'of this colour dis- 
appears from the more feeble white light, and the comple- 
mentary impression alone remains. In short, if the eye is 
affected by any predominant colour, it immediately receives 
the sensation of its complementary colour, just as when a 
string is struck, the ear perceives simultaneously the funda- 
mental note and the note that harmonizes with it. 

XI. THI PRINCIPAL OPTICAL INSTIIUMENTS. 

1). The Camera Ohscura. 

§ 350. 

The Camera Obacura, as its name imports, is a dark chamher, 
enclosed on all sides : as generalty constructed, it is a box, painted 
black inside ; the light from external objects l>cing admitted into 
It through a convex lens, which, collecting the rays transmitted 
^ugh it, forms an inverted image of these external objects (§ 
314.) at the focus where the refracted rays meet : the image thus 
Produced is received on a white screen. 

To obtain an erect vertical image, according to Horner, we 
^uld use a right-angled prism, which will refract a second time, 
*od in an inverted position, the rays transmitted through the 
wnyex lens. 

Let A B Ctjig. 93., represent the prism, and m a, w dtwo 
rays which have passed through the convex lens and pro- 
duce the inverted image 
Fiff. 93. m n ; then, as the dia- 

gram shows, m a is re- 
fracted in the direction 
abc m', and nd in the di- 
rection dfg h' ; wht'Hce 
it follows that m' n' 
must be an inverted 
image of m n. 




Ii6 

If we wish to obCKB the image oo a horiaontal pliBC^ 
should mak« use of a plane mirrar, inclined at an angle of 45* 
the axis of the lens; by which means die nys, after paa 
tbrougfa the lens* will be reflected cither u p wa rd s or downwa 
In the Urst case, the image is generally reeeived oo a pkti 
^CToumi glass* through which it diines so as to be visibfe fi 
above. This apparatus is sometimes called a eosMiti dan, 
the wcucd case, a sheet of white paper is usually placed 
receive the image horizontaUy, the mirror being made to refl 
the rays downwards^ instead of upwards ; the spectator mot 
this arrangemrat, either be hinwrlf within the camera, or 
must look in upon the images throa|^ a small round bole, in 
for this purpose, in* the sideof tihe instrument. 

The images formed by the camera obscura depict most ae 
rately the forms, colours >nd degree of illumination bekxag 
to the different obiiects ; it has die additional charm of presoitiBi 
with an animated picture, the morements of external oligeets be 
repeated in the image. It represents, on an enlarged seale^ v 
is continually taking place on the retina of our eyes. 

Why are not the images of near and distant objects p 
sented to us with equal distinctness by the camera ? — H 
can we adjust the instrument for distinctly representing • 
jects at different distances? — If the image formed by 
convex lens b received on a convave instead of on a pi) 
surface, the whole picture will be rendered distinct. Wb 
— Advantages derived from the use of am achromatic cod' 
glass. — Why is a metallic Ipeculum preferable to the co 
mon looking-glass, generally used in this instrument ? 

The camera obscura was invented in the 16th centu 
by John Bap. Porta. Wollaston's camera lucida is n 
more generally used than the former instrument, to obt 
mechanically correct representations of natural objects. 



2.) rA« Different Kinds of Microscopes. 

§ 351. 

The use of a microscope is to furnish us with magnified im^ 
of o!>jects so minute, that when held at the distance of dist 
vision, the eye would be incapable of distinguishing their i 
and parts. This is accomplished by enlarging the optic an| 
for every object appears greater according as we increase 
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igle; greater, eonieqiiendy, m we bring it nearer to our eye 
I 848.): bat we eemiot bring an object nearer than the dis- 
mee of distiiict vision, L c within from 8 to 10 inches of the 
fe ; for if we do, the angle of vision and the image of the object 
eeome ao enlarged, that the image is projected beyond the retina, 
nd is of neceaaity indistinct. 

Expt. Prick a card with a fine needle, and placing your- 
self before a window, look through the puncture at a needle, 
which must be held at the distance of distinct vision, and in 
a line with your eye : you will observe that the image of the 
needle ts considerably magnified the nearer it is brought to 
the aperture in the card, till, when it is close to it, the out- 
line of its eye becomes altogether indistinct. 

The timgle nUeroteope consists of a convex lens, with a very 
abort focal distance. If an object be viewed through it at less 
than its focal distance, but near to the focus, the rays transmitted 
dirough the lens will be rendered more convergent, and an eye on 
vhicb they fall will see the object under a greater angle of vision, 
*. e. it will see the object magnified. 

An eye a, Jig. 94., would 
P^» 94. see the object b c under 

the angle bac: interpose 
between the eye and the 
object a convex lens m, 
at the proper distance, 
and the rays will be re- 
.w fracted (§ 311.), as shown 
^ in the/5;., so that the ob- 
ject will be viewed under 
the larger visual angle 
B a C ; the object itself will, therefore, appear magnified 
asB C. 

The image of an object produced thus will be thrown back by 
the eye to the distance of distinct vision, viz. to 8 or 10 inches 
"^m it. A short-sighted eye would require that the object 
should be brought nearer to the glass, and a far -sighted person 
'^ould place the object further from him ; it would, therefore, 
^Pear more highly magnified to the latter than to the former, 
f"* linear magnifying power of such a lens will be nearly 
t^ multiple that the distance of distinct vision is of its focal 

We have said above, that the distance b m^fig. 94., at which 
the object 6 c is to be placed before the lens, must be nearly 
equal to its focal length in order to obtain from it the 
greatest possible magnifying power; let Bm be the dis- 
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' r* i:<: :Tnz:£>f macxLlied jciza bj the ere-glass C, and » 
:t -,:•■: -."^t iz A uxtaa xae urje of risioo a* A 6*. 

.':' ▼: <i.:<:i;iRs uk rupisfii:^ power of the object-glass to be 
.' '. >: i:u.-. . / =i*.: c K aai i^t of the objeet-gkss 5, so tbst 
-'.•■*=* 5 r . r* r» = i!." t 5 « 1CV» « 6 ; or, in o£er words, tli 
*}: 'T. T-..f T : He .-i^yff izader an angle 100 tiroes Ivgs 
:'.i=. :: w:>^ i r^rc S.'^=«f maided br this instrument — 11m 

- •< rf : lI r3xf=iV.j:x zow«r is Cmnd in the same manner ■ 

■ * • • 

I >'. \ \iz.:.< <r-^o» :be following ooethod of testing prettj 

• •• *t"\ :: i :i:v£..-iTu-j: p?weT of one of these microseopei ^ 
I'Ur^ «-'-r.t: ot^f^^ <^ known siie before the ofagect-^^ .' 
*f»il wi:h one eve ihrou^ the microscope, and with Ai 
•ithiT a; the pc'xr.t of a r«ur of compasses whidi you bddiC 
t^ii •ii*>tAnco of d'i5:iDct vision bef.xe the other eye. Optt 
fhi 1i-^ of the compass to sucb a distance as equak dtf 
f^i'Mftor of the objiei't viewed through the microsoopfr 
\hy 1. 1, x..\s ciianvrter br the actual diameter of the Mbi^ 
li.iti, u ing in the same denonunation, and the quotient viH 
;-ivi t) •■ ma|;nif^-infr power required. 

\<i^nntA;:t[K derived from the use of achromatic ofcijeot- 

• l:tt'.-» .. Microscope with more than two ccmvex lensefc 

< ■'iiiipiniV collective lens. 

iiii,'r,»«,'iY'/' U nothing more than a magic lantem* 
1 t'< i'n «inn Iving used in«!tead of that of a lamp. The 
.. Ji. i"'i.'iiiJitMl iv vtronclv illuminated, and its invertw 
'■• ".-.i In .1 »Ninvo\ Ions of short focal length, is projectett 
■■•iiHn il)o object is to be placed near but a little 
• f-i'iT* Vho ray* of light which pass through the 
- '. I. «.n1 h\ if 1 § 81 1 . 5. ) that they form an inverted 
■ •■ " iiM .li j-niiN' from it; which distance and ifflS^ 
'•■"•' '''« mviri'i tho objoct is to the focus. The linear 
■ r«'i f pruportional to the distance of the iffl*(5® 
.1 » 1.1. .1 li\ l(^ f'tval length, or it equals the diameter 
• .'.» ..». .1 li\ ilmt of the object. If the light be su»- 
\. I 111. Ml t«iiili;iiit image will be obtained than from 
• I'.i ■ .■ . i»]ii" 
. • . ,• r,.,i,i ,ii ill,. Mill, or of a lamp, there has b^ 
...«.oi 1 1)1 hi gt'nor.ito<i by the combustion o»* 
. 1 nrin\ ot o\y -hydrogen gas, whence ^^ 
, . »'i. M. ^jt/rNhfn jwiVnwcope. The intcx****^ 

. , •■ ir. M \ 1 \ \\iu\vx i>f the ignited lime bal^ ^ 
\\\ix\\\ uii'rttiM' than tliat yielded by ^^'. 
r .1 ^^ „M„ ilto obiiv! sufficientlv. a co^'^* 
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» is used of eooaiderable sue to refract the rays of the sun. 
Dtp, or ignited lime» so that they may fall together on the object 
his lens is called a eofleefive or Ulitminaiing leiu. 

3.) Tike Different Kindi of Tektcopei. 
§354. 

Telescopes are used for much the same purpose as microscopes 
is. to present objects to our eye under a greater visual angle, 
nd consequently with their proportions enlarged. The difference 
n the application of the two classes of instruments is, that 
cdescopes serve to magnify objects that appear small from their 
peat distance, whilst microscopes are used to magnify minute 
objects near us. 

Telescc^>es are either refracting telescopes, and consist entirely 
of lenses combined together, or of lenses and concave specula 
^en tiiey are said to be reflecting telescopes. 

Telescopes, like microscopes, magnify objects by enlarging the 
^le under which they are viewed. Their power equals the 
quotient of the visual angle of the eye looking through u 
telescope divided by the visual angle of the naked eye. 

The space or range seen through a telescope is technically 
tenned the field of vision* It is measured by dividing the angle 
under which it is seen by the angle of vision of the naked eye 
embracing the same field within its view : the greater the magnifying 
pover of the instrument, the less will the angle of vision of the 
mked eye be compared with that of an eye looking through the 



It is requisite that the objects viewed through a telescope 
^ould be seen with the greatest possible dietinctnetSj and that 
they should appear as strongly iUuminated as possible. Now, the 
combination of liiese two essential properties is not very easy ; 
^1 to admit a large '^quantity of light into the tube we must 
^large the dimensions of the lenses, whereas to obtain distinct 
''Images it is needful to use lenses of the smallest available size. 
'Hie object aimed at in the construction of telescopes is therefore 
^ secure the greatest attainable distinctness of the imagi- 
wnsistent with the admission of an adequate degree of light. 

§ 355. 

^fracting telescopes are of three kinds, viz. Keppler's, or the 
?*'o«omtca/ ^etocopc, invented by Keppler, 1611 ; the terrestrial, 
^'i'entedby the Jesuit Maria de Rheita, about the year 1630 ; and 
the Dutch telescope, or Galileo's telescope, first made by Jansen 
'J 1590. The two first are merely combinations of convex lenses 
^ W consists of both convex and concave lenses. 

K 2 
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The awtrammkal tnkieopc ii nnde bj plaebf two 
lenses of onequal focal leng^ one before the oliier, in 

manner that ^ey may haTe a eommon auiL Hm fortber ]ea»^ 
termed the objeet-^jflan; it forma an inverted image of the 
seen through it; if they^be Terjdiatant theimage willbeiiMr< 
focus of the glass, and in proportion aa thor distance dimina i N 
the image recedes firom the foeos. (§ 811. 1, % and S.) Ai 
observer Tiews this image through the aecondorirys jJsitiiathi 
same manner as throu|^ a single mierosoope : the image wiOtho*) 
fore be seen by him under a greater optic an|^ andooosequaiit^ 
it will be magnified, but will atill be inverted. — From All 
explanation the similarity in construedon and in prineipls st 
these telescopes and of compound microaoopea ia evident —Thi 
lenses are generally distant from each other a space equal to As 
sum of their focal lengths ; but if less distant olgects are rimm 
through the instrument, the lenses must be adjusted for a viiff 
distance, that the image formed by the object-glass vmf Mi 
beyond its focal length. — Tbe magnifying power is found if 
dividing the focal l^gth of the olit^-^aas by that <rf the if^ 
glass. 

Fig, 96. 




Let F^. 96. be a representation of the astronbmic 
telescope : a 6 is the object viewed, which must be suppoa 
to be at a considerable distance ; C is the object-glass behii 
which and a little beyond whose focus will be the smi 
inverted image a/ V \ B is the eye-glass which magnifi 
this image, so that it is seen by an eye at A, as represent 
at a»6". 

Suppose the object-glass to have a 10 inch focal lengl 
and that the eye-glass has only 1 inch, then the instrume 
magnifies an object seen through it 10 times; if t 
object-glass have a 100 inch focal length, the same eye-gli 
would magnify an object 100 times; if we substitute 
eye-glass with a focal length of ^ an inch, then the magnii 
ing power would be SOO times. 
^ As its appellation indeed shows, this instrument is used pri 
c\}My in making astronomieal observations; for which purpose t 
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iovemon of ihe images is of small consequence. Its advantn^rcs 
■Kk that with an entensive field of vision it admits a large quantity 
of l^t, and possesses higher magnifying power than the other 
tdaeopes. 

The night -fflaMk resembles the astronomical telescope ; it 

di£fers from it in this, that it has an object-glass of wider 

aperture and shorter focal length ; by which arrangement its 

magnifying power is less than that of the astronomical 

telescope, but it presents a wider field of view, admits more 

light, and consequently shows objects more distinctly. It is 

serviceable in bringing a larger portion of the heavens under 

observation by night, and in detecting such heavenly bodies 

as have but feeble illuminating powers. 

The terrestrial telescope consists of at least four convex lenses ; 

It may therefore be r^^rded as a double astronomical telescope, 

sU the glasses having a common axis. The inverted image 

^xnned by the object-glass of the anterior astronomical telescope 

i<igain inverted and magnified by the posterior telescope, and is 

therefore presented erect to the eye of the observer. As these 

instruments present objects in their natural position, they are 

used chiefly for viewing distant objects on the surface of the earth ; 

u>d hence their name. Like the astronomical telescope they 

li&ve a large field of sight ; but in consequence of the repeated 

'^fi^ion of the light it becomes much diminished, so that objects 

nnnot be as much magnified in them, as in the astronomical 

telescope, without the distinctness of the image being impaired. 

The terrestrial telescope is represented in Jig. 97. L is 

the double convex object-glass, of great focal length ; o\ o^, o 



Fig. 97. 



X 




are three double convex eye-glasses, of shorter but ctjual 
focal distances, set in one tube, so that the posterior focus of 
one eye-glass may coincide with the anterior focus of the 
next. These fijci are marked on the axis a A. For use, 
the instrument must be so adjusted that the object-glass L 
shall project the inverted image a' 6', which it forms a little 
beyond the anterior focus of the first eye-glass. If an 
observer were to look through this glass, he would perceive 
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erect imny wf 1^, whieK to m eye wX A, will be - ^fgpi frii 
••R Tbk fima of toknoipe it M^erior to tiM other two, 
mixliai>inmkimr«bHR«tMM»ittoB be^reotod towudi 
ot^ectm the dtNc^maftlM 1mm of flight; andiimtitiHit 
▼ie««draitaiepitoealid iaoiCKctpoflUioB. The 
ooMMctcd with it era^ ihit the quantity of Hgfat is 
and the obffcti are ves Int dia Ua e tly, ia iwnMqutntc of 
flfwitare mode m. the middle of tiie ottject q te cu l u m. 

As the oivrwn of tt l cse o po i amy perhapo wirii to bei 
to iwi ios t thev a s goifth ig power, and Htm oiteiit of 
field of HsMit maT he worth while to gifo the 
wet h od as descnhcd by lJr« Angnat : -^ 

ioe ai^^n|fj^ay jHwe taiy oe estuBateil piclty 
by lookiog at the auao olqeet with one eye through 
telescope and widi the other naked, and eompaiiif Al] 
apparent msgniindes of the two imegea. This 
meat may be w n deied ttUl more exact if any kind of itoli^- 
scope, except a Galilean* be pointed to oa ids a clear port 
the sky« and a leaf of tiun paper or transparent bom be hdi ' 
behind the last eye-ftlasB, at the ipot where the eye is odi^'' 
narily placed ; a bright, stroof^-defined lumii " . 

be Tisible oo the tramparent plate, supposing it to be ^ '] 
at the right spot. Meaaore its diameter as aeeuiately t» j 
possible, and then measuie the width of the objeot<gh4i j 
using the same scale in each ease» divide its diameter by thil ' 
of the luminous spot, and the quotient will pve the na^gp^ 
fying power of the tdeseope. 

The luminous circle is, in fiwt, an image of the ol^M^ 
glass itselC whence it may be proved that it is oontainsd is 
the diameter of the object-glass as many times as are emi4 
to the magnifying power of the telescope. The oljje et pm 
may be taken out, and a rim, or annulus, having exactly tht 
same opening as will be equal to the circle of light, pot ill 
its place ; the qtiantity of light will be increaaed, and the 
images of objects rendered more distinct by this alteratioo.— » 
Ramsden contrived a little instrument, to which be gave the 
nuDe ofDpmmamditr^ for UMaiuting the powem of tekooopcfc 
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The fidd of a telescope may be estimated by comparing 
its diameter with the apparent diameter of some object 
▼iewed through the telescope. In the choice of an object, 
one riiould be selected whose apparent diameter is already 
known to us ; that of the sun or moon will answer the pur- 
pose well ; they are both equal, or very nearly so, the 
apparent diflference amounting only to half a degree, or 
30 minutes. — Or, the field may be measured by directing 
the telescope to some star in or very near to the equator, 
care being taken that it shall pass over the middle of the 
field, and then count the number of seconds which elapse 
during its passage : four seconds of time will make an angle 
of one minute for the field of vision. 



L THE THERMAL, CHEMICAL, AND OTHER NON-OPTICAL EFFECTS 

OF LIGHT. 

§358. 

All the phenomena of light which we have hitherto noticed are 
f i purely optical nature, i. «. they are such as act only on our 
vgOA of vision. Light, however, is an active agent in bringing 
3»at quite another class of phenomena ; it excites Aea^ and ekc- 
'^ ; on most bodies it exerts a chemical influence, and displays 
kviTiflifing power in its operations on organic matter; whether it 
pOBesaes magnetic properties is a matter of doubt. 

As to the excitation of heat, it has not yet been proved that 
ttui property is possessed by all sources of light, though it is 
loMMm that the sun's rays have it in a high degree : it appears to 
itiod in a direct ratio to the intensity of the illumination and the 
■^•orj^ve power of the body. The heating powers of the 
^dferently coloured solar rays are extremely unequal, the greatest 
^ beio^^ found to exist near to, but slightly beyond, the red 
^Ji in the solar spectrum, their respective heating powers 
Messing till we arrive at the violet, where this property ceases 
"lather. A more detailed explanation will be found in the 
CtAPTiE ON Heat. 

^ chemical propertie» of light are shown in this, that the 
''^ of the sun, and, in an inferior degree, that of day when the 
^ is hid from our view, is a means of accelerating chemical 
'^'Kdnnations and decompositions, llius, as we have already 
"""•Qtioned, the rays of light seem to carry with them both 
J^nial and chemical rays; the maximum intensity of the 
**•">» spectrum coinciding with the red rays, whilst the maxi- 
nmm of ^be chemical spectrum is found in the violet light and a 
"*fle beyond, its intensity diminishing gradually throughout the 
°^ oijoan tiJJ its effects entirely cease at the Ted. 
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Its efilBets are not Iom imp or uni wfaoi ptoAamd in imi 
matter, for it it beat wliieh bringa about oftamw is tfaM 
and in the nggngaitfirm d bodka; bj it alao auf aiAri 
are rendered luminoua ; by it their deetrical and ma g netii 
dition ia inBuenoed ; and* hutl/t by it the <^» ffm iiti>1 aeti 
bodies on one another is greatlv alfteted. 

In eottsequenoe of the inlhience wfaieh -heat muitu 
organie lifo^ man himself may be legarded ai^ to a4| 
d^^ree its slare; Tieired from another point» he is tea 
of this powerful agent, eontroUing mm direeting k^^ 
tions on other bodMS at his bidding. The mt made bg 
of this power, in supplying his natoral -and attiSdil « 
is so taned and impottant, tiiat if deprived of theeenm 
he would beeomeashelpleasasthe bcMrta oftiiefidd. 1 
considerations may wdl iooite a daaim to beeome b 
acquainted with the nature of this important agMli 
widi its mode of operation. 



§3ea 

Heat, like gravity, is a unirersal foroe ; it moves aeeordSt 
its own peculiar laws, and when certain conditions are ftiU 
it is in a state of equilibrium. Heat is said to hefite, or MS 
when it displays a tendency to establish equilibrium, by eqi 
diffusing itself in all surrounding bodies ; hence it is in ineo 
motion, passing from one to anotiier. The quantity of it pn 
at any moment in a particular body b said td be the Ut^xn 
of that body. When its movement ceases, and it is in a tempc 
state of repose, intimately uniting itself with the atoms of nu 
and not causing any change of aggregation, nor apparently t 
ing to do so, we then say that it is kUemL 

§361. 

Bv the term heat we sometimes mean both the cause am 
effect ; the former, however, is more accurately expressed b^ 
word caloriCf heat serving to mark the science whieh tree 
the properties, effects, and laws of caloric. 

Heat expresses an increase, as cold does a diminution in 
sensation of warmth ; heat and cold are therefore positive 
negative magnitudes, resembling in this respect light and d 
ness. Both sensations are merely relative, the filing of 
arising when more caloric is received by our bodies thi 
required in a normal state of vitality. The feeling of oo 
excited when a portion of the requisite warmth is abatnu 
Probably, these opposite sensations are merely the results 
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■nge in the ¥010106 of our organs ; that is to say, heat is the 
tolicm caused by the expanaiom^ and cold the unsaUon caused 
the emttraetion of the puts of our bodies. 

§362. 

Ve are as imperfectly informed as to the nature of heat, as we 
rcirith n'gard to the nature of light. We know that it exists 
aly by its eflPects : but to explain these, we arc obliged to have 
leourse to theory. The principal hypotheses will be briefly 
MMiced here ; but at the conclusion of this section, they will be 
mated of at greater length. 

AeeOrding to the more ancient theory, it was regarded as an 
Hnponderable material substance, which, being combined with 
bodies, under rarions modifications, produced all the phenomena 
ofheat. Other philosophers considered hiat to be merely modi- 
fied light, assuming that an identity subsisted between the two. 
The opinion most generally received, in modern times, is that 
the phenomena of heat, like those of light, are l)est explained, by 
•tthbuting them to the undulations of an aether, whose existence 
^ issunie, the velocity with which the fluid moves being less 
*l>en it produces heat than when it generates light. 



n. CHAKOE IM THE VOLUME OF BODIES CAUSED BV HEAT. 

§363. 

Experience teaches us that heat incremes the volume of a body, 
"ben the sensible caloric in a body is increased, or its tempera- 
fDie is raistcd, then the body dilates ; but when the temperature 
K lowered, its volume is diminished. Both these elRcts admit 
^being measured; the dilatation and contraction are equal in all 
options, a small number of crystals only excepted. 

This effect of heat has been explained on the supposition 
that the increase of ca'oric between the atoms of any bodv 
cause* them to recede, and that the decrease of the caloric 
allows them to approach other. According to I. a Place, 
heat is itself the repulsive force that, residing in the atoms 
of which a body consists, drives them a%uiider when it 
becomes increased ; and when this force is diminished, the 
power of attraction draws them together. According to 
Amp^re*s theory, the changes in a body's volume are owini; 
to the different intensity ot the oscillations performed by the 
aether, which he supposes to cxis^t Mween the atoms com- 
poaipgit 
»M. If. ' L 
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_ Taiy but Iktle at ordinary temperatures ; hence the 
utility of employii^ thermometer scales of one or other of 
these substances in preference to those made of metal. In a 
mrtal scale one ibot in length, corrections for temperature 
are indinpeiMiblr to secure accurate results. Let / be the 
lei^h at temperature t, and A the correct length of the 
gtaiidard at the normal temperature r ; and let 1 + m be the 
eodBcient of the expansion of its material at the boiling point 
of water ; then» from the formula 

i»(*-t) 



'-D+-103-J 



we shall obtain the true length, A, fiir the centigrade scale, 
with sufficient exactness, 

and for Fahrenheit's scale 

Hence we see why, in accurate barometric measurements, 
we are obliged to make a correction for the scale of the 
barometer, according to the temperature at the time of 
making the observation. 

So, also, it is easily perceived why the moulds for all sorts 
of cast-iron work should be raUier larger than the artiple 
itself is wished to be. 

2.) If a pendulum is intended to serve as an exact 
measurer of time, we mutt contrive that its length shall be 
altered as little as possible through variations in tem- 
perature. (§ lOS. 1.) Consequently, it is advisable to select 
for the rod of the pendulum some substance that is but 
ilightly aflfected by heat, and to place the instrument in 
neh a situation, that it may be subjected to as little 
fbange as possible; deal, well seasoned and then soaked 
in oil and baked, will be found a very good material. 
The best pendulums, called compensation pendulumtf are 
made of different substances, so combined that the effects 
<^ beat counteract each other, and the length of the rod 
jrppuuBS unaltered. 

The commonest compensation pendulum is Harrison^i 

Sidiron pendulum. It is represented in its luost simple 
rm, Jiff. 106. The proper rod C P is of iron ; so, also, 
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xmAsiov rsmNiLU] 



iV- 106. 





are the ban A B and D £ ; but 1 
OQea» F G and K L, are of iidc 
both Xhtat metals will be affected 
neously bj a change of temperatun 
vben the iioo eipands P is noade to 
but a corresponding expansion of 
elevates it ; it follows that P, being 
bj two equal antagonist forces, n«' 
nor £ills. &nce the expansion of zim 
that of iron, the bars must not be eq 
such a relation must be established 
them, that the deration or depressic 
bob br the one metal may be exad 
teracted by the depression or elevatic 
other, with erery rite or fall of tem| 
This is accomplished by making tlM 
of the two metals inversely as thei 
sions. Tiie lengths of these rods 

determined by the formula, / s ] 

I being the len^h of the zinc bar, I 
the iron, i the expansion of the iror 
that of the linc. Now, as the exp< 

iron is to that of zinc (Table X.), a 
— . or as 1 : :2-3i4 ; for these two m 



formula becomes 



' = ^2^-4-^1 =0"55L. 



One of the most simple, and at the same time in: 
contriTauvv*. was that of Graham (1721), who con 
the mun'nriul tvuptfms^itiom pendulum. This instrumc 
sUt5 ot*an irvHi rod A B \Ji^. 10". ), to the lower extn 
which a branch is fitted to embrace a cvUndric gla: 
B <.\ containing quicksilver. The theory of this pe 
is extremely ^imple. As the point O of the pen 
i^cilUtion is about the middle of the vessel of mcrci 
it is clear that an increase in the temperature will I 
the rod .\ B, about O o, so as to depress the cc 
v>«k'^ilUtion to ; but the simultaneous expansion 
mercury elevates this point to O. This result is 
attuuu>l when the exiK&nsion of the mercurial 
i' B IS ju'^t double that of the rod A B, i. e. wl 
s)K«ce C c, throu«;h which the quicksilver rises in the 
is e«|ual to twice Oo. Now, suppose the distance 
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sotpennoii from the centre of oscillation, or the 
length of the second's pendulum to be 39*13929 
inchesa479-67 lines, then A 0»479*67 lines. 
B O is half the height of the quicksilver in the 
▼easel, and A B the entire length of the metal 
rod. Now, let i denote the expansion of 
the iron, and q that <^ the quicksilver, then 
A B would expand A B . t, and O B would 
expand O B . 9. In order that tlicsc two 
expansions should counteract each other, it 
would be necessary that A B . t = O B . 9. But 
A D>e39*I39+ OB, whence the equation be- 
comes 

i(S9139 + OB)«9. OB; 

i. 39139 



OB 



9-t 



The expansion of iron between the freezing 
and the boiling points of water, according to 
Dulong and Petit (see Table X.), is 0*00126, 
and the expansion of mercury between the same 
temperatures, according to the same philosophers, 
is 0*01801, but as Horner says, 0*0175 if the 
expansion of the glass also be taken into ac- 
count, thus, 



>B 



and OB » 



or nearly 

89*139 ^ 
14-1 



t : 9 = 126 : 1750, 

= 1 : 14. 

3*01 inches. 



The entire length of the mercurial cylinder BC will, 
therefore, be 602 inches. 

Both the mercurial and the gridiron pendulums will 
require regulating, the former is corrected by pouring in 
or taking out of the cup very small portions of mercury, the 
latter, by turning a screw up or down, so as to raise or 
depress the point of oscillation. 

Hie compensation in a chronometer depends on the same 
principle, different metals being so combined as to render 
the oscillations isochronous. 

3.) In tubes for conveying water, steam, or gas, it is 
nece^ary to make provision for the expansion and contraction 
of the metal. Similar adjustments have to be made in 
Buuihinery into which large pieces of iron-work enter. 
Hoom is left to allow for the change of volume in boilers 
and similar vesseh. 



I^ i]ut>viBf saniple ezperimcat will iUiutnte the 
<^ tr* Ibs nrsauk : — 

rrpc P.;ia^ cbc bulb of a tbeimomeCer into hot « 

a; =ra the *ic«9K of die mercury in Che tube will be 

nr .i : but ibe oeuer tlie tcmperatue of the metal api 

r=.u» u> i'rM of the wattcr. the gnaller its expansion. 

HisvcwcKe pco««» that beat b eapable of being Si 

ibr.xicbcvt all suSftaDces. witfaonk czceptioo, and that no mi 

«i.9t» v^kii can ciciude it. 



§391. 

I: has been iiMind. br numerous experiments^ that tkeetmA 
tf Utf im tW whrrMT of bodie% both solid, liquid, and gaaeo 
rv«r^.a»d br the same law ; but that equal volumes require 
:i3e^-juLl taaes;. aecor^t^ to the eoodncting power of the parti 
«uS!«iaiK : aaJ ti:at. ^pKKrallT speaking, the denser any boi 
the ^«cter cvoiuctor of Iwat does it hmme. This equalis 
«^ tempvcasune ts coosaderably modified in liquids and gtie 
the eitnnse mobUitT of their particles. 

la ii>lbi fcodiM heat extends itself from the particle in ii 
c'.Ate cvataft with the source of heat to the next particle ; fr 
sf^3 to the next, and so on. until the whole mass has acqi 
the &sa)e t^cickertsure. The best conductors of this class d 
<a&»kvs arc the meuus« bu: among them there exists a great d 
«::^ IS this resfkr.'t. Metals in an oxidised state, as the} 
t,Hi:v.i ir. 3%>t st.Kies^ elsss. burnt clay, &c., have a mean 
.vjv-t;.u: ?s,"»w*r. ihrcinkv' K^dies arc bad conductors of I 
s^ ir«£s:xcs. vc mar inertioa cork, suaw, charcoal, ashes, « 
WxV*. si'.k, hair, feathers, io. 

Kuttifori cvKi'uder^Hl that these porous bodies wen 
vvn^iuctors vif hoj!, in cvm^vquence of the portion of air 
%;u;os<vnt «:ate cv>»tained in their interstices. Heat n 
uiorv «lovly. in prv^portion as it passes frequently out ct. 
sulv^taxuv iuto another, of diffennit densities. 

lV»4^reti has represented the conducting powers of ti 
Kniies by the (oUoving numbers : — 



OoKl . 


- 10.000 ; 


; Tin . 


SiUer - 


- 9,730 


Lead - 


l\n»ivr 


S,9S0 


^larble 


riatiixa 


- 3»810 


Porcelain 


Irvni 


- 3,748 


Tile - 


/iiK* 


- 3,630 





>VvKk1s arc anuuig the substances that have the lowes 
Juciu\g power, lie la Rite arranges them in the follt 
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der*: nut, dak, fir, 'poplar, cork. He considnrs, also, that 
ey all eonduct beat better in the direetioii of their fibres 
lan across the grain. 

The following - simple experiment will at once show the 
Priority of glass to metal as a conductor of heat : — 
Expt. Let a b, Jig. 109., be a piece of brass, copper, or iron 

wire ; and edsL piece of glass of 
Fig. 109. equal size and length. Tie both 

the rods firmly together at one 
end by a bit of wire, and put a 
ball of wax at their other extre- 
mities. Heat the apparatus by 
applying to it the flame of a 
spirit lamp ; and the wax at b 
will be completely melted, whilst 
that aid IB unchanged. 



§392. 

propi^tion of heat in non-elastic fluids varies according as 
plied from above or from below. If heat be applied at the 
iurSace, the conduction proceeds just as in solid bodies, and 
case liquids prove themselves very bad conductors of heat ; 
leated from beneath, their particles rise successively to the 
sur&ce, thor elevated temperature rendering them speciA- 
ghter than the pooler particles above them ; the greater 
of which causes them to descend and take the place origi- 
ecupied by the others. Hius, a constant current is excited 
liquid heated from beneath, by which the conduction of 
iroughout its mass is greatly accelerated. The process is 
reversed if a fluid be cooled from above or from beneath. 
The following experiments may serve to confirm the truth 
the above remarks : — 

First Expt. Partly fill a tall glass vessel with water, and 
row in a little roughly-powdered amber ; heat the water 
a spirit lamp, and the current in the fluid will be ren- 
red visible by the ascent of the particles of amber up the 
ddle of the fluid, but on their approach towards the sides 
the vessel, they will sink again with the cooler particles of 
i water. 

Second Expt. Let A, Jig. 110., be a vessel made of plates 
iron or tin ; near the bottom of one of its sides insert a 
irmometer 6, and also a second thermometer at a, near the 
) of the vessel. Fill it with water just above a; c is a 
a metal cup floating on the surface of the water, which is 
be filled with spirit of wins or sulphutie sthn \ VV^VvXi xW 

w 2 
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I 



Now place the 
Uke place fium the butlom, the elevation of tbe 
will speedily be obaeTvablo in both the thermoa 
witer benCBth bemg heated is rendered lighter, uidrianf 
TApidly, it acta aa the opper thermomeleT. | 

La; B piece dF ice on the surrsce of the water, mil l»t^ , 
the upper and lower tTiermometerH will quietly inioM ^ 
a decrease in the temperature. The wHteron the suifaoe.** . 
it oooli, heroines also heavier, and as il descends it iBtB^ 

la the torrid and temperate zones the temperature of ll" 
SCO will diminish ss the depth below the surface inortUe* 
but in the frigid lonea the re '" ' ' "'"" 

lemperslure at the Eurlkce is le 



', the lower itirt* 
ESS degree of warmlli than 39°. Hencett'^ 
(brniation of ice hIwbtb b^ina at 
change of form in water to begin i 
mass would be conTerted into ice. 
Aeriform bodies closely resemble the non-claatic fluids Ja (^ 
conduction of heat, these two clsHes of bodies being diatingul*^ 
by tbe readinew with which their parlisles move among Of^ 
other, and both having the same conditiont of equilibrium. A^ 
iu a tranquil eondilion, is a very bad cooduclor of beat, but vb'^ 

I agitated, it promotes the propagation of heat, more quickly '^ 
than liquids, by the more rapid ascent of its heated particles- ., 
To this properly of nlr we must attribute the molioii'_^ 
our atmosphere, noticed already in ti 
By referring to the unenoal power vi 



it the bottom, the "l"^ 
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der our BoUee in oar ofdinary experience. Tlius, to coniirii- 
oolt ktai gindUf we nnft make use of such substances as are 
id f ? ffm *"ff ffr * ; if we denre, on the c<Mitrar3r, to rttard its op«v 
tionB, we must sdeet sudi bodies as are bad coadnctors. 

From what has been already stated, the student will ho 
able at onee to aimrer the following queries, and to explain 
the »«'*»"^^ uses of the various conducting substances. 

Why do brass eannon become hot more readily than iron ? 
If we toodiapicoe of wood and a piece of metal both at the 
same temperature, the latter feels colder than the former, if 
the temperature be lower than that of our own body ; but if 
the temperature <^ these substances be higher than that of 
our bodies, then the metal feels hotter than the wood. 
Water is made to boil sooner in metal vessels than in earthen- 
ware. Wooden walls and thatched roo6 are cooler in sum- 
mer and wanner in winter than brick walls and tiled 
roo6. Wool* feathers, and fur are a better protection 
sgainst inclement weather than several wraps of linen or 
loither. Snow is one of the worst conductors of heat. 
Utility of this property. — If our bodies come in contact with 
water and quickalver, the sensations they excite are pre- 
dsely similar to those caused by touching wood and metal. 
Use of making boilers, saucepans, and similar vessels, with 
wide bottoms. Use of double windows. 



tV« CAPACRT rOE HEAT.— SPKCIFIC AND BELATIVE HEAT OF BOMKS. 

§ 393. 

Similar bodies require an equal quantity of heat to raise them 
^9m any given temperature to a higher. 

FtTTtt, Expt, This may easily be proved by placing two 
equal oups of like material on the hob of a stove in which 
there is a fire ; let each of the cups contain an equal quan- 
tity of water of the same temperature ; each cup, therefore, 
contains the same quantity of heat After a time the water 
will be found to have become hotter, but the temperature of 
that in each of the vessels will still continue equal. 

If we assume the quantity of caloric requisite to raise 1 lb. 
of water 1® above the freezing point for our unit of mensure- 
nent, then we should require 20 times as much to raise lib. 
of water fh>m 32^ to 52^, or 120 times as much to raise Gibs. 
the flune number of degrees. 
If similar substances of unequal magnitude or masses have the 
^^ temperature, the quantity of free eaJoric they contain will be 
$0 iAeir masiet. If, on the eoutcarj, VYie^ >cvwt ^xl- 
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fereot terapermtures, and tfMj ate Immij^ !■!• aonM^OTi 
mixed toother, then- the -free eakrio is- iqiBj 
throughout the wh<^ huml 

Second E9pt, Mix togidwr llbu ofvatar «t A9P and 



at 72^, and you will obtamtllH. at 



59 4-79 



-fiSO. 




If their maases are uncqaal* iBbmi eomnm, 
after combinatioa is found 1^ dtividiqg llM.nan of[ 4*'P*^ 
ducts of their maaBes into their tempantorai ^til|B«fi< 
their masses, thos» car. fr, nix SShd, of walv.aftSS':^ *' 
3lbs. at 50^, and the eonqpoond will lisfs m 

the heat will be absorbed by tbe unwjl. ' 

If Tou put M and ai for tbe wissHi, T and « for Ifca1«-i 
peratures of tbe bodies» and x their »»mtmw^^ 
after contact or mixture, the general expwien wil bt 

MT + «* 

) 

M + ai 

: I ■ t 

, § S94w 



X = — — 



•I 



Is 



1 



If the temperatures of two dissimilar subatanees be laiied ^ 
the same degree, experience proves that some snbatanees rcqi^ 
more and others less heat. j .' 

Erpt. Place side by side upon a hot plate two eqnal ^^J 
lar vessels, one containing a certain quantity by ^'*>^'^J^ 
water, and the other an equal treigbt of mercury, If b^ 
the fluids stand at the same temperature, it is eleary v'*^ 
the circumstances supposed, that eaeh vesael containa'* ^T 
equal quantity of caloric ; after a ^ery short time^ how ^^Tt 
Mre shall find that tbe mercury bais beonne mudi 
the water. 
In like manner, it has been found in lowering tbe 
of dissimilar substances to an equal degree, tibat soma gife 
more and others less caloric. 

Hence it follows, in most cases, that if two dissimilar inbiitu^- ^^ 
whose masses or weights are equal have tbe same t empwaU ^'-''^'^^ 
they contain unequal quantities of beat ^p. 

We attribute, therefore, to bodies a diflferent degree of loss^^^f 
tibility for receiving ftee caloric into their interior strqetmx^ ^^ 
within their molecules ; this is called their capmeUif.for hmfl, a^^^ja 
the quantity required to raise equal masses. or equal •wei^ni*'^^;;^^ 
is termed their ^jiect/ic Aeal. Ithasalao been determined. <lpi ^^« 
certain reUtion subnsts between l3cie dnnakf <>£ V^qsa wad^ 
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city for heat, this capacity in general being less, the denser 
itructiire of the substance. 

' we determine the specific heat of different substances, we 
compare their respective capacities for heat. To do this in- 
gibly with regard to all bodies whateyer, we must proceed in 
;h the sune manner as we did to ascertain their specific gra- 
?s. (§ 173.) The unit assumed for this purpose is the capa- 
of a certain weight of pure water. Equal masses ■ of other 
stances are ccmipared with this unit thus : if their capacity for 
t exceed that of water, by numbers greater than 1 ; if it be 
I than that of water, by fractional quantities. 
The specific heat of bodies has been determined, not only for 
ul weights, but also for equal volumes, and this is called their 
Uke heatf which is to the specific heat of any body directly as 
specific gravity. It may be found by multiplying the specific 
it into the specific gravity ; and conversely, the specific heat 
ty be found by dividing the relative heat by tlie specific gravity. 
It has been found by experiments, which will be detailed in 
the next section, that the quantity of heat requisite to raise 
the temperature of lib. of water 1^, would sufiSce to raise lib. 
of quicksilver 33^. If, then, we assume the quantity re- 
quired for water as imity, the specific heat of mercury will 
be jj; and since (Tab. IX. p. 187. Vol. I V. ) the specific gra- 
vity of mercury is about 13 '6, it follows that the relative 
heat of an equal volume of this metal is ^ x 13*6=0 4121. 
Let s represent the specific gravity, c the specific heat or 
the capacity of the body for heat, then r = sc will be the 
general expression for the relative heat of bodies, or the 
quantities of heat they contain with equal volume. The fol- 
lowing table exhibits at one view the specific and relative 
heat of some of the principal solids and liquids. 
With regard to gaseous bodies it has been found, that, whether 
>gle or mixed, their specific heat is inversely as their specific 
ivity or density, and, consequently, equal weights of such 
^s contain a larger quantity of heat the less their specific gra- 
y* But further, as the relative weights of equal volumes of 
i are inversely as their specific gravities, it follows that equal 
Umes of these gases will have equal relative heat ; t. e. they 
1 contain equal quantities of caloric, in fact, the same as atmo- 
^eric air itself. Chemically combined gases, on the contrary, 
'e a cUfferent relative heat from such as are simple or merely 
Ked ; their relative heat exceeds that of common air, and each 
:h gas has a distinct index to express its relative heat ; so the 
antity of caloric they contain exceeds that contained in an 
ul volume of atmospheric air. 

The capacity €£ atmospheric air is assumed as the unit by 
ich to estimate the speci&c heat of gaseous \)odie&\ >3>al %Qi«v^- 

V 4 
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Second Expt. Throw one pound of iron-filings 
into 1 lb. of water at S2^, and the mixture will s 
36° as soon as equilibrium is established. — Tliat c 
of heat therefore, the loss of which lowers the teinj 
of iron 32°, produces a rise in the temperature of ^ 
only 4° ; whence it is evident that eight times a 
caloric is requisite to raise or depress the temperatui 
water 1°, as would raise or depress the temperatu: 
equal weight of iron 1°. Hence we infer the speci 
of iron to be J or 0*125. 

Expressing this law in general terms, let M be th( 
of a mass of water, t its temperature, and C its capi 
lieat ; let m be the weight of the hotter substance i 
to be examined, T its temperature, c the capacity 
and T' the temperature of the mass when mixed. 

Then the quantity of caloric gained by the water 
MC(T'— t)i for it is obvious that the quantity 
necessary to raise the temperature of a body any nu 
degrees must be proportional to its mass and capac 
like manner the amount lost by the body under inve 
may be expressed by mc (T— T), But as bol 
expressions are equal to each other, 

MC(T'~0 = '»«(T~TO; 

•'C m(T-T')' 

and putting the capacity of water = 1 , the specific 
the body under investigation will be 

^ m(T-T)' 

This method, adopted by De Luc, Crawford, i 
philosophers, is not altogether free from inacc 
during the experiment a portion of the heat is n^ 
litst by radiation, as well as by conduction to t 
«nd to the ambient air. 

•J. ^ 'Hio capacity of substances is found by obser 

.)iiiiHh*ly %\f%ct the body under investigation is capable of 

riu\ experiment is best performed by placing the subsl 

^skWimtftfry and ao completely surrounding it with ice. 

'Hie calorimeter (yf^. 111.) consists of a vessel 

»r\m plates C\ enclosing a smaller one B, and insid' 

wir»»-eagt» .-V. intended to contain the substance 1 

«uune\l. 'I1u» space between the first and seoon 

^ wvW nu that InMweeu tV\« second atvd lYvvcd, \&< 
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Fig. 111. pounded ice. Tlie ice in the outer 

space prevents the warmth of the 
external air from acting on the sub- 
stance within, so that the ice around 
the wire cage is afllcted only by the 
heat emitted from the substance 
under investigation, which conti- 
nues to thaw the ice until its own 
temperature is lowered to 32°. 
The water thus generated escapes 
by a cock c; at the close of the ex- 
periment it is weighed. To obtain 
the specific heat of liquids we must 
put them into vessels of known 
^ci6c heat, — The principle on which this apparatus acts is 
this, that melting ice maintains invariably the temperature 
of 32^ Fahr.,and that all the heat applied to it is expended 
solely in thawing it. 

f'rom experiments which will be described in the next 

"'^^sion of this subject (§ 402. expt. 2. ) it has been ascer- 

^*ied that 135° of heat are necessary to melt lib. of ice ; 

*''*ence the mass of M lbs. of ice (equal to the weight of the 

^^t^t discharged) melted in the calorimeter must have 

^^Prived the body in the wire-cage of M times 135° of 

k ^ Call the mass of this substance mlbs., its temperature 

above 32° when placed in the calorimeter /°, and its capa- 

^*'y c, then the quantity of caloric it contained would be 

" * c ; but ni^c = 135M; whence the capacity sought is 

135 M 
m t 

f • 9r, 2lb. of iron at 122° in cooling to 32° melts Jib. of 
*** ; whence 
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This method, which was adopted by Lavoisier 
Place, is available for solids and liquids ; it gives resu 



and La 
results more 
accurate than the former, but requires extreme precision in 
conducting the experiment. 

) ^y cooUng ihtt substance. The principle on which this 
^hod depends is this — that the more slowly a body cools the 
^^ter must be its capacity for heat ; for it must have parted 
'h a greater quantity of caloric, to give out which the longer 
r^ of time was required. In this case it is necessary to 
"^lose the substance to be examined in a shell vrUicbL \\«& tWi 
^e constant radiating power. 



7/ sSt^.-z 'nis^ ae btfdj which is the salgeet of 
r-'TfCipctm^ » luftMii ji x polTcriwl or fluid eoodition ii^ 
ci.siic'i. zim^u *«ftft£i-K<ir & crUxifdcr of thin diver is bot)^ 
ziti imu > iL-oiii -v-uisi ciopaa bcfive it &lb from too^ 



•• ■ 



M ^* 



ijrr.un.ar :uniDt!rs3r« jay eectain munber of d^reei I^^ j 
it*tf -xAAi^d^iK rjCL » rtaiiij agmin as another, tiwn A^^^ 
"f'-jii-vi itsic if t3ie r-rznar s oalr half Aatof thehtter; 
v-ze'ic;f 3 - .lie ■7rxffiLJ2:c M»xi ve caB Tcadily find die 

r:i> ntfc:cu. -rw irsc bmecTed hr Marer, it wts snb* 
^^."lU'rc" :nnri««£ i^ra. '^t Lniie. and has been cuned to 
I :.:r- :«!•.£-» jf TtfriKsmi bv Doloox and Petit 
T:l' ^'etvitc ttsn2 :c pw« .tianoe b« ascertained by anyooeof 
tn? :?.-M ni^'JiA:> yx iicasrhteiL IXd^roriie and B^rard used 
i.r z:.> J'U^ivk; J^tm.'fjnti Tvoir^^tn iwMh i , a Tesed filled yw 
v-faT^'- ^r-ii^-t v"i^-<z A ^ir:il i:lj« vcocdocted. The gas to' be 
i'^i.n..:t:*z > r<^-.. i:~ji-i. izii 3» UA broo^t from a vesol 
«ur~: ■..:•:«•! v _: :cu:ir:t ▼Tj'i'" Ju £Ii^ zraduallT throi^ the 
▼•.••-rr .'i" "T.i ,ri.'-r-':niCir. '^.•in tie ^ec exiiii of vhich it escape*- 
li li^ .-.-i-.'stf .r" »» .-iCftstr? t2»i r» piixts with a pcwtioo of * 
-ju:i~%: :.• ;-.-i.i T-u-i*- "vr.c.r <q;irruciAis the worm, the temf** 
-«■*_■*!; .-i:' r;J^ i ^-l r--*c-ii..' rs«* :i=til xtzer the la|Me of*"'* 
t-j« .• >f».v-r:K» >iiii.-ira.-f . Tbie fcuilibriam thus estab^i^ 
^^"T-ft; : r.:«i ▼■!«•' liTc u*f r» » =j«suT«d by means of a ^' 
rr..- r.-^ir. -. <• : r.t.- vi i :c .vcr ibe rise is the temperature of ^ 
mssic I.:..-, l: i iu.. .: :.'.!: .v i>e i:K> Now. if the experiB>^ 
>i •^•.■•i\.'j;'« ».:r. «:.=:tf .citic r*s» *ai ti>e result should gi^ * 
r ^;'i- rffT.-.xrir^ri r.- iTii w-*:i!r. tiit thi« second gas mustb*** 
. ::-.:j--:i».-. :; :: i :' ...i 4 rri-Ksr A=>:c:r.t of eiloric than die fbH**^ 
.•'. :^. :Ti .vctriTT. :j>g icdr^rasore of the water be 1^ 
:'x.-. ■r»;^'.«. .: ▼.■.■ "i£Te r->ec: ojt less caloric, and *** 
ri^.-.;v-:_-i ."x?.ii.'.:j« :. : r**; oc t>.«M two gases will be iw<^*' 
: . • i. :. : ' i Ti --j :ri:-rw of the wAier through which they b**i 
Si-i :. .•*;..- .^_v:«i, I:" '.ht ca7A:::y ^^f i£=::o5pheric air be vssn1^f\ 
.i> i.*.i -..-.:. -.hi fTiV.f,: hcit v-»f other gxses nuy be expressed ^' 
:-r.-7».r:.-.TJi:i ::•_"■.'.«;?&. 

1".- ri;« 1 ".iv. t-:' wjsir frosi S^ to iTiS we require * 
jo^.e :.„i7.',.:y o:" hra: z< would hare raised 4 lbs. of atrf^ ^ 
srhtrL,: air the &&=2e cu3:ber of degrees. The specJBc \*^ i 
.'■{ xiT i^ ;horelo7« ^tb. or uore exactly 0*2669, that 
watfr. 

§ 396. 

The capacity of both solids and liquids is not constant, b^^ 

Tories with e%cry change in their density. Their cq>aci^.' 

iocreases when the densiiv decTeasie&, andVvce^ei^-vVMfdMX tb^^ 
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i caused by meehanical means, or by a rise or fiUl in 
ratiire of the body, but in a less degree than their 
ue, that 18 to say, more caloric is requisite to raise a 
212° to 213®, than from 32° to SS®. This increase 
capacity for heat may be accounted for on the assump- 
but a part of the heat gained by the body tends to 
temperature, and that the remainder is consumed in 
e change in its volume. 

ong and Petit, found as a mean of numerous ezperi- 
the capacity of 

From 82° to aijo to b7V>. 

ry O-OSSO 0*0350 

a 0-0335 0*0355 

lony - ... - 0-0507 0*054^ 

0-0557 0*0611 

0-0927 0-1015 

r 0-0949 0-lOld 

01098 0-1218 

01770 01900 

like manner the capacity of coal and charcoal di- 
les as its density increases. Regnault found that of 

3al 0*2415 

from Cannel coal ..... 0'2O9O 

lead from gas retorts .... 0*2036 

md 0*1468 

acity of gases for heat varies in the same manner as 
is and liquids, viz. it increases when they are rarefied, 
;hes when they are condensed ; it diminishes therefore 

are subjected to an increased pressure; but these 
ire not correspondent to the degree in which the con- 
r rare&ction obtains. For atmospheric air, for instance, 
ily one-tenth greater capacity for heat when its 
reduced one half, and it must be rarefied 18 times, in 
ouble its capacity ; if the air be condensed this 
11 be diminished in the same ratio as it was increased 
iction. In order to elevate the temperature of any 

gas 1°, supposing it to be perfectly free to expand, 

e pressure, on it remains constant, a larger amount of 

be needed than if it were constrained by pressure to 

olume unaltered; i.e. in other words, the specific heai of 

onstant pressure exceeds their speciJU heat when their 

rmanent Dulong found by experiments based on 

nt velocities with which sound travels in gases of 
jnsities, that in the case of the simple gases and their 
;, the ratio between their specific heat under the same 
d with the same volume is as 1*421 to l» 



vni. VjI. Lik IfiLXttobcvsthehTdroatatielawandiini 
tu :nt; surfuc«. vb«ff« a cottdngrof ice fint fionm itself^ throogjh 
v'iieh« a:> :im i» A bttd coodiKtor, the firce cdoric am viA 
iiifii.'UjCT p«n«cracw. Under a mmi ladtnde the thiokoea d 
:ov iit;««;r <iL>Md» ftom I ti> 5 fccc ; under higher latitudei it 
■H -IOC iiorv xbiin from 5 to 6 fcct, and eren in the coldnt 
7v<^tons it B auc tnorv than firom lO to IS ftet. Lakes and 
<«u- v:ios« depth ifitiwedi tfaeve dimcnrioDa are therefore nerer 
trvAMi CO ehe boctum. WhiNi the iee thaws we derife an 
s^piK»«.t^ ^T9nt:uee tVom thts propertT of heat. Were wA ao 
'ur^ J portion ot' caloric rcndeted latent during the procea 
Of* t!MV!0(e, (h« eutxre maaa of iee and snow w<Mild be 
aiswivtM ;i<« foon as the temperature rose above 3S^, aod 
th«! TUo»c tearliuL laundatioos would ensue; in finsi butfiff 
the tatetic htfiftt of wTiter the variatioiB in temperatnre to 
which the Airth would he sul)»i«et would render it altogether 
unsuitable (or the habitation of nan. 

I'hv' jipollciicioo of heat from an external source is not alnji 
■tidisiA.'iisabi^ hi order to ltv)uelfy solid bodies : many subatancei 
uiiiicr^t thl-* cbiui{»e of &rm if they merely come in contact wiA 
.t 1 ill u 111 NsTurN- xtl the cry<$talliied salts possess this property. 
If 1 :tu\curv.' be made oc' one ^f these salts with snow, or vi^ 
si.>:!)c other liquid, the action of these substances on each other 
will o\.«nvv.rc one or both of them into liquids, one portion of 
thc'r fKv ^.'Li'oric bcin.i con^sumod i:i ejecting this change, as also 
part or* the heat of the vessjcU containing the mixture. Th* 
^:ol•.'ii.^;uJlve i-*. th^c the jcreater the degiee of cold generated 
il siring t'.K- I i^iutf taction of the mixture, the more quickly wiU tb« 
'i;4,:v."\otioa bo brv>ught about, and the greater vrill be tlw 
qua:uit\ ot' heat taken up and rendered l;itent by the substance 
0- -u • ! ;.«o> i n ^ t h c se /Vee -s in*/ m ixtitns. 

1*^0 followtns; experiments will senre to illustrate ti 
principles Uid down above : — 

Firsf t'.r/i/. Place a thermometer in a glass, into whi< 
throw «4t.nno tircly pulverised sulphate of soda (Glauber' 
SaIcs> and some chlorate of ammonia, or nitrate of pota^ 
(^s^dt^K'treX — Sliake the mixture and the thermometer vr 
indteuto a cvmsiderable depression of the temperature. 

&f<oMd Kxpt, Due part nitrate of ammonia and 1 
water at 54.)^ mixed together produce a cold of 5^ ; or 
)>arts of chlorate of ammonia, uni 5 of nitrate of potass 
with 10 parts of water at 50°, lower the temperatui 
to UK. 

Hiese salts may be crystalliied again, and they will I 
etjuaJ ly available for use. 
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I%ird Expt ¥vre puts of hydrochloric acid poured on 
8 parts of freshly pulverized sulphate of soda reduce the 
temperatufe from 50^ to 1^. 

Water placed in thin glass vessels or tubes, and set in the 
mixtures named in this and the preceding experiment, is 
very quickly converted into ice. 

Fourth ExpL One part of snow or pounded ice and 
Ipart of chloride of sodium (common sa}t) reduce the 
temperature from 32^ to 1^. 

Fifth ExpL Two parts of snow and 3 of finely powdered. 
crystallized chloride af calcium generate a cold of— 49^ 
In this freezing mixture mercury, liquid ammonia, and aether 
will crystallize. 

Thilorier produced an extreme d^ree of cold by mixing 
solid carbonic acid with sulphuric acid or sulphuric aether ; 
its intensity was such that it was equal to from — 110^ to 
— 121^. Mitchel on repeating the experiment found that 
alcohol of 0*798 specif, grav. at — 130^ acquired the consist- 
ency of oil, and at — 146^ it resembled melting wax. 

To ensure success in performing the experiments de- 
scribed above, the following particulars must be observed : — 

1.) The salts must not have lost their water of crystal- 
lization, because in that case if they are so completely dried 
as to be in a state of efflorescence (§ 75.) they absorb so 
readily the first portion of water and convert it into crystal- 
lized ice, that a considerable quantity of caloric is thereby 
net free ; sulphate of soda is a salt that effloresces readily. 
2.) The salts must be finely pulverized that they may 
dissolve in the fluids as quickly as possible. Above all, care 
must be taken that, 3.) Too much heat is not communi- 
cated from without by means of the vessel containing the 
mixture. To guard against this, a sufficient quantity of the 
ingredients roust be used; and if the temperature of the 
ai^ient air be not low enough, and if it is further desirable 
to maintain this extreme degree of cold in the mixture for 
some length of time, it is necessary to fill a large vessel with 
some freezing mixture and to place in it a smaller vessel also 
died with the frigorific substances, setting in this inner 
vessel the particular substance we wish to freeze. The large 
outer vessel should be made of some bad conductor, such as 
wood, clay, or the like ; but the inner one in which the cold 
is to be generated should be made as thin as possible and 
of a good conductor. — Walker adopted the following neat 
contrivance for freezing water. His apparatus consisted of 
a wide tin cylinder with thick sides, enclosing a second 
with thin sides of equal height with the outer one. The 
second vessel consisted of two concentric cylinders fastened 



Hrdrocnuiric acbL bd awr . ~40 PooiD 

SiipiiiixvRkia carbooie add - —49 Parry. 

JuipQurjc MOet . . . 146 Mitchc 

.lloMUil ... — 148(?)Thi 
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Xoo-^tjscc duii&k aoi asanj solids in a state of fwon, 
siafir vmiwru*ins r^ae^ jcquirc an increased repulsiTe 
Jtnua^ attur amuenaiaHk Jod jiiwiinf the gaseous fiNm. 
p«KtL:ar umiuiaajry sioveaicat of the liqaid, caused b] 
jMnmc M sw tfioiBi: iuid taas » generated, is caUed efrafitfio 
jvuimi^ ami :hit <;» » vraied a aapmr or Umm. 

r^«j Juiiimr swi.vc or ck wmfwracure at vhich cbulHtioa e 
iKucv^ '•■jn» :a iiifienens iiaiiii» and. indeed, in the same i 
jcvuriin^ :u 3if pnaaurv w vbkh it is subjected. This pies 
> vf.ucifiiii.'v caused b* the acnoapberie air, and bj the aqnei 
^ i;.*o«ir .c jimesii» ; in x less degcree it is owing also to the veig 
:t :'ic su.7er'.m:u3xbea: 4£nc& of the dnid itself. 

^^')«!a tiw eipooKTv $xve of fteam exceeds this pressim 
^ou'iirva be^vt» shrvu^r^oct the hubs. 

«" -»f F-rye. Hil: ill with disdilcd vater aa extremel) 
'"- '. Z'-^^ v'j.ca vijo; iz a sand bath, to aToid the riskoi 
' *v: ^'a:«» ^y-'-^^ rijce ue vhole over a spirit Umpi iiB* 
■•x'^*^ :j^ rc*b .-c* d ti^erxxoaaeter in the vater; thJ 
x-r-rt'irr^c^r wC. r.se coctinuallj as more and more hestu 
•-•..•a.r,**.: r,* :l:e "•niir. A^ter soaie time a quaDtity <» 
::: ^x* bcbcie^ w: *. b« seen to atcarii themselTes totlM 
>.»."A.«* .^' 1*^: ««^st;L iz^a JcriiajIiT to rise to the surfioeO 
'. *v' 'viiir. x*»i vu v<cijoeiT T;is:sb. These are in fecttw 
^I'ls ,-v'«: :jL::iied ia t=e v:i:tfr. prtacipallT indeed atmo^berv 
-» ~. w vo* i.sKcjTkje* iaeif firona the heavier fluid as ^ 
:v ■ -.v-i;.;:* r'.s«rs. , S«:e § 5*. Sefjmd Expi.^ Asthemercu^ 
T- ><^ :v ♦ anis. :: I i'-'^. frv<: alr-bubbles ascend^ principallj froi 
- *v: ,vc:,*r*.t ^"* th«r ^"*s» to the upper strata, vhicfa, not bei* 
^vc ri:NCvl :^* A jufEv'ien: temperature, receive addition 
v.t: • V V. :h«e bubb'es* until at lecurth a perfect equality 
H"^:-tl^ N-'^-'vi ia the ten::>ir3iture of the duid. Steam tb 
lV4." ■>> ts* Sf ^rs^rated, the formation of vbieh may 
v v« ' bv A p^vuliir hlsing sound, which just precedes f 
vov; .*. vvt of the liquid. La<«tly; when the eotire mass 
« .t:cT has ^t»uMd the requisite d^ree of beat, larger ai 
' tr^;vr K:bbveii ot**:ea'ti rise to the surfiKe, vbere thejbai 
4 .-. y:\v:usv the undulatonr movement known as ebullitio 
l>:> Ijut sta^ of the process is reached when the tlu 



BOIUHO-FOIIIT. 



205 



^ometer has riaen to 818^, beyond which point it does not 
Ascend, whaterer the additional quantity of heat imparted, 
tbe continued application of which will diminish the water 
linti] it shall have completely disappeared. On this fact, the 
fixity of the boiling-point of the thermometer depends. 
(§366.) 

The boiling points of some of the most important liquids, 
and that of certain solids, when in a state of fusion, are 
given below, the altitude of the barometer being 29-92196 
inches. 



N 


Fahr. 




Sulphurous acid boils at 


- 14° 


Bussy. 


Muriatic lether 


- 54 


Geliler. 


Nitric asther 


. 69-8 


Dumas. 


Sulphuric aether 


- 95 


Munke. 


Acetic aether 


- 165-2 


Dumas. 


Alcohol, absolute 


- 173-1 


Gay Lussac. 


Water, pure 


- 212 




Vinegar, common 


- 212 


Mollerat. 


Hydrochloric acid 


- 220 


Bineau. 


Nitric acid, spec. gr. 1*42 


- 249.4 


Dal ton. 


Oil of turpentine 


- 312-8 


Dumas. 


Sulphuric acid, common 


- 550-4 


Davy. 


Linseed oil - • 


- 600-8 


Murray. 


Mercury - - - 


- 680 


Mitscherlich. 


Camphor ... 


- 2i9-2 


Dumas. 


loctine ... 


- 347 


Dwnas. 


Phosphorus ... 


- 554 


Mitscherlich. 


Sulphur ... 


. 600 


Mitscherlich. 



With regard to the temperatures given above, as express- 
ing the boiling points, these vary according to the purity of 
the liquid ; thus, ex, gr., solutions of salts boil at higher 
temperatures than water does ; mixed fluids in like manner 
boil at different temperatures, according to the relative pro- 
portions of the substances composing the mixture. In many 
solutions of this class ebullition is attended with such 
violent jerks, that the thermometer can with difficulty be 
kept steady. Legrand observes that this inconvenience may 
be remedied by dropping a small piece of iron or zinc into 
the boiling liquid. Should this not abate the violence of the 
disturbance, drop in a piece of platina or glass. 

One remarkable phenomenon connected with these fluids, 
tnd e^ecially with water, is, that if placed in minute quan- 
tities on red-hot plates they do not boil, nor yet do they 
tTi^orat0 quiokly, but, as the metal begins to cool, they 
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fluid bring • vacaum; if one bdl be grasped in the hand 
the liquid in the other will begin to boil Tiolentljr. 

The diminutiMiin the atmospheric pressure is the occasion 
of water's boiling on high mountains at a temperature which 
is lower, just in proportion to the eleration of the moun- 
taio, or, what is the same thing, to the barometric altitude. 
(§S03.) The following little Uble will exhibit at one riew 
the boiling point of water at some of the principal ele- 
vations: — 

Station. Height In feet. H«U of Barom. Boiling Point. 

Mont Blanc - 15773 17^ in. 187-7° 

Peak of Tenerifie 11936 20^ 190 

Qnito - 9485 20^ 194 

Hospiceof St Bernard 8173 21^ 198 

At sueh considerable elerations the heat of water boiled 
in open vessels is not sufficient to soften animal fibre, for 
vhich reason the inhabitants of these regions use Papin*s 
Digester to prepare nutritious food. This apparatus con- 
lists of a close metal vessel, provided, for the sake of safety, 
vith a valve to allow the escape of the superabundant steam. 
The accumulation of steam increases the pressure on the 
8urfiu;e of the water, and thereby prevents its ebullition 
until a higher temperature has been arrived at than can be 
attained in the open air. 

As the elevation of a place above the level of the sea may 
be found by knowing the amount of the atmospheric pres- 
sure (§ 202.), and as the point at which water boils will be 
lower the less this pressure, it follows that its amount may be 
determined from the height of the boiling point. Hence the 
truth of Wollaston*s experiment for using the thermometer 
as an instrument for measuring altitudes. If the tempera- 
ture at which water boils = tP Cent, the height of the 
barometer in metres nuiy be found by the formula : — 

• log. h ^29- 9^^371 .t _ 2-2960374. 
800 + 3t 

Lastly ; from the above we see why, in determining the 
boiling point of a thermometer, reference is always had to 
tile height of the barometer at that time, and consequently a 
eorrection is necessary if the mercury be above or below the 
itandard height (§371.) For every line ahove 28 Paris 
inches the scde must be shortened 0-0011 of its length from 

g* I^OTi. The formula in English standards may be found in Tredgold on 
"t Statin Bngine, p. 89. thus : — 
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The following cxperiiiicntt will confirm the tmtii of wl 
has b«ien just adnuwed : — 

Second ExpL Wrap some miuliii, eottoo, or wool, ronnl , 
the bulb of a thermometer, and plunge it in spirit otwiaa, ; 
sulphuric aether, or sulphuretted carb<Kiie acid; w tbt 
envelope dries by the eri^Kiration of the liquid with iriaA 
it is saturated, the temperatuie of ^be thermomet^ &Ik 
The mercury will descoid still more r^idly if the tbemo- 
meter be moved quickly to and fro through the air, or if f 
current of air be directed on the bulb by blowing a pur tf 
bellows. — If sulphuric ether be usedy the thermometer viDl 
fall even in summer below the freesing point ; and with «!■ . 
phuretted cartxmic acid it soon descends from 67^^ 0^< 

These effects are exceeded by the still more rapid cvapO' 
ration of liquid sulphurous acid, by means of whidi BoflJ 
has succeeded in congealing the mercury in the bnlboft 
thermometer in the open air. If this acid be carefuliy drop* 
ped on water, the latter will instantly be covered with s duB 
tilm of ice. 

T%ird Expt. A few drops of spirits of wine, or solphv^ 
aether, let (all on the bock of the hand, erapormte qnieUy '^ 
the hand be moved backwards and forwards, and a seiMtioi 
of great cold will be produced on that spot. 

The sensation of cold experienced on coming out of a lMtl>t 
or on being wet with rain, is owing to this combination w 
the latent heat with the fluid as it evaporates. By the saJOS 
means ice is made artificially in the East Indies ; so also 
water is cooled in Spain, in porous earthen vessels, eaUed 
aloarraza*!. Wine, too, is cooled on board ship by wrappiD^ 
wet cloths round the bottles, and hanging them up so as to 
be exposed to a current of air. — Tlie cooling of cannon ^ 
wipinjr them out with the sponge is mainly owing to **** 
rapid evaporation of the water caused by the heated metal "^ 
The evaporation by perspiring enabled Fordyce, BaH*** 
S^^landor, and Blagden to continue for 8 minutes in a dia^* 
bor heated to 257^, In the Austrian salt-mines the to^ 
work at a temperature of 240° in those chambers where *J* 
salt is dried; and in some furnaces and blast-houses ^ 
workmen are exposed to still greater heat without tb^ 
bodies being heated much beyond the normal temperature* 

Even in the height of summer an intense cold may Y^ 
generated if we accelerate the evaporation by rarefying ZZm 
air, and especially if we make some arrangement by "^^^ » 
the vapour that is thrown off may be absorbed by ¥9^^-^ 
other body. This may be verified by the following exp^^' 
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Fourth ExpL — ImHU^m Experiment. — Wetter frozen hy 
evaporation. Water at 68° by evaporation must absorb 
36 + 972 + 135 =s 1 143° of beat. 

Fig. 112. represents tbe requi- 
site apparatus, a a is a glass or 
porcelain vessel, about 5 or 6 
inches in diameter, over which a 
little tripod stands, bearing a thin 
metal cup, c c, of about the same 
size as a a ; the distance between 
these two should not exceed 2 or 
3 inches. Fill the lower vessel 
with concentrated sulphuric acid, 
and the upper one with the water you propose to freeze ; the 
aqueous vapour of the water will be absorbed by the acid. 
The whole apparatus is to be placed under a bell-glass on 
the plate of an ur-pump, and the air is to be rapidly ex- 
hausted. When the barometer gauge stands at 2 lines, crys- 
tals of ice will shoot across the surface of the water ; and if 
the external air be excluded from the receiver, the whole 
mass will soon be converted into ice. The water is elevated 
on • tripod, that the acid may not &11 into it should the ap- 
paratus be shaken. — The successful performance of this 
experiment is considered as a pretty good test of the excel- 
lence of an air-pump. 

On removing the bell-glass, after all the water has been 
frozen, it will be found that the sulphuric acid, though so 
near to the cup containing the ice, is considerably heated ; 
idience it appears that the heat which the aqueous vapour 
abstracted from the water during its formation, and the loss 
of which caused the latter to freeze, has passed as free caloric 
to the acid which absorbed the vapour and reconverted it into 
the liquid form. — If the ice tiius formed be left in the 
vacuum tmder the receiver, the continued evaporation will 
lessen its dimensions until it finally disappears. 

Fifth Expt. — ConfigliarchVs Experiment. — Mercury frozen 
hy the evaporation of sidphuric other. — Since sulphuric 
sther in its conversion into vapour (§ 404.) absorbs 30i^° of 
latent heat, and liquid mercury contains 157° of the same, if 
both fluids have the temperature of 68°, then 302 +157 + 36 
«495° of heat will become latent before the mercury is 
frozen. 
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'JIC TAffOUBS AXD 

The conTcrsioa of Uquids or lolids iato vipooi^ oil 
reconversion into their former limte 
uw of both for chemical and tecfanieal 
liquids are changed into xmpofur by 
denscd again into liquids, tbey are aaid to be 

same process applied to solids b called wMhi -, -^ 

vapour which, bj cold, is restored to the ealidfaa»iial> 
a iMhKmate, Both operations are of aerriee^ sometiMiftl 
combining different substances, sometimes far sqiaialHgi^ 
from others with which it is united. FnDer detnis hitaf 
rather to a treatise on chemistry. (Compare § 84.) 

Many natural phenomena, a complete aeeoimt of wfaiikil 
is the province of Meteorology to give^ are canseqaOMi* 
condensation by cold. Such are mists, douds, run, floVi 
hail, dew, and hoar-firosL — The moisture and the ^on 
frost, visible on Endows, are also merely the aqueous pv- 
ticlcs of the air in a condensed state. 



VI. PROPRRTIIS WHICH DISTIXGUISH STXAM AXD VAIOUR FlOX I^ 

riRMANIMT OASIS. 



§407. 

Steam and Vapow are strictly homogeneous, and difier frff 
cncli ftther, as has been said already, only in the mode of uK 
production. They arc both generated by the action cihx^^ 
pnnding the constituent atoms of solid and liquid bodies, tf 
ciiUKing them to repel each other. This change of form B * 
accompanied by any alteration in the chemical composition oi^ 
substances. Gaseous fluids differ one among another both p 
sically and chemically, according to the body from which tb 
are formed by its combination with heat. Thus we spesk 
acpieous vapour or steam, of mercurial, sulphurous, and otl 
vapours. The most important of all, on every account, is ste( 
ItK properties only will therefore be treated of at length thio^ 
the remainder of this portion of the work. 

It has been observed incidentally (§ 179.) that these gase 
tluids resemble the permanent gases in many respects, but f 
in others they differ widely from them. The principal poini 
(liNtinction between them is this, that steam, by a hwering oj 
temfterature, or by increating the pressure on it, may be reduce, 
its oripinal form of aggregation, but that permanent gates coaac 
thus acted on. 



Bnmrr or aiXAX vaub witr m TiMMRATURr:. 131 



§ 408. 

So long as the tempeimture continues unchanged, only a certniii 
tanttty of steam can be generated in a close vessel ; an soon ns 
becomes full of Tapour, no more is generated by the li(]ui(l it 
mains, jnorided that the same temperature is maintainiHl. 
nder sodi circumstances the space would be said to bo Katiiratc<l 
itfa steam, which is called either Maturated steam, or steam of 
denniy. 
When applied to mechanical purposes, steam is generally 
used at its maximum density, for which reason there ought 
always to be in boilers and (Ugesters a sufficient (|uantity of 
water* completely to saturate the space they contain. The 
aqueous vapour held in the atmosphere is very rarely indeed 
in a saturated condition, being found so only in rain and 
dense fogs. Generally speaking, we may assume, if a ve«)sel 
contain a liquid which is giving off* steam, that that vessel is 
filled with steam at a maximum density. 



§ 409. 

The density of steam in this condition varies with its tempera- 
^K, for, if that be raised, more of the liquid is converted into 
*^^un ; the quantity of the latter, and also its density, are conse- 
T^ntly increased. If the temperature fall, a portion of the steam 
'^'iimes the liquid form ; the quantity of steam and its density 
^diminished. 

. The relative detisity of steam, or its specific gravity, has been 
iQvestigated experimentally, and it has been ascertained that the 
"^ of the density of saturated steam to the density of atmo- 
9b^c ur is a constant quantity, provided they are both under 
^Qal pressures and at equal temperatures. Gay Lussaoihas esti- 
^ted the density of steam under these conditions, to be inva- 
^bly 0'6235, or five-eighths of the density of the atmosphere, 
^^paring this with the density of water, it follows that that 
^ "team at 212° is about ^ (or, more exactly, ^) of the 
"*^ty of water; that is to say, steam at this temperature 
*ould fill a space 1700 times greater than that of the water 
**»ich produces it ; 1 ciibic foot of water (at its maximum 
"•"^wty, & 376.) would be converted into 1700 cubic feet of steam 
«21S?>. ^ 

The weights of bodies whose volumes are equal are as 
their densities, whence from the known or required density 
of the steam we may calcuhite its weight Let x be the 
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■' •^'•< i>iiiiil liii« iM'^n reached, the ieasc uudcui^ 
;m riintrnrtirm of «cace, caosei a parcfli ^''^ 

■ M' 'Ml into A liquK- 

< '« .- I iti I il pUi*Ti 1 utK- il. r^".:.^a'»experirnerc. *^B^ 
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I ^ ilii> miMnii III thnr \\\\\i\ «-ti^-b i« beinz es?'''' 

'> u «ll III iliiiiiiiuhfkil ; iitul itf* tbis Ts^MHxr is ^ ' 

'iMsity. «,. iiiit4>|i nf il will lie reduced to o" 

->' t< n|iinl«> ilti- ilitHliMiliMii nl'ihc sfiaee that c*^ 

\**r i^nUMiiii III ihi- r<iii{it/*ri/iii «-iJ tie sihovn by*"* 
' A^x* UMif^iii 111' \\\K' ^n\\\\u%\ of duJd s^upported yJ 
' » ,'1 MUMxury, flu- )H>j^«ht of xhe latter rem**'*' 

■ i^^, A. Now, Mvord iii^ to M&riotte'k experim*"* 



■it tbe ctloiBB of uMfiurr would have become skorlrr 

• 

vbcB Ibe tdbe was ^tpre aa e d in the cistern. Continue to 
Squeal the tube oatU the mercury rises ftluuwt to tht» 
<iMed cad, and the vhoie of the rapour will be changed into 
liquid. 

Hk hOamiag iUortradoe may perhaps render the jircce- 
^a; obserratMMi aiofe easily comprehended. Sup}M>se a 
^BsntitT of Tapour at SI S^ to eipand and occupy no larKr a 
*PMetbat its feensiaii b reduced one half, i. e. till it e<|UHlH 
oohhalf an atmosphere; then, as tbe pressure dimiiUNluft, 
*oA the Tolume increases, rare^tion goes on precihcly as in 
tbe case of atmospheric air. Next, if it be subjected to tho 
convene operatioo, we shall find that it may l>e comprenHed 
till iu expaonve lurce again equals 1 atmosphere, that being 
^ nuimum for steam at 212^ ; but if the pror<»M 1h* cihi- 
°oiied beyond that point, ex. gr., till its volume is redueetl 
^^Khal^ then <me half of the vapour will resume the liipiid 
foHDibut the other half will still be vapour, with a nmxiniuiu 
^pansive force of 1 atmosphere. IIiiin a permanent and 
progressive preamre might convert the whole mass of hteiiiii 
ioto liquid. 



§414. 

oes and vaponrs are not affected by heat in precisely the 
Quoner. 

ery gas enclosed in a s^ace acquires an increased expansive 
(§ 377, 378. ), corresponding with the index of its expansion 
temperature be elevated ; and conversely, the expauHive force 
iportionally diminished if the temperature of the gas l)c 
e<L The limits have not yet been ascertained to the increase 
n«ase of this force. 

w, the elevation of the temperature of a mass of vapour 
ied in a space is affected precisely as a mass of any elahtie 
t^ould be ; that is to say, its tension increasen ; hut if its tem- 
ire be lowered, its expansive force will gradually become 
i^bilst, at the same time, a corresponding portion will lose 
irn of vapour and be converted into a liquid. 

Suppose a certain space to he filled with steam at 212^, 
hen at a maximum density its expansive force will equal 
to inches, or 1 atmosphere. Cool this mass to 180^, and 
ts maximum tension will be lowered to about half an atmo- 
phere ; and so much of the steam will have been converted 
nto water, that the remaining portion filling the space un- 
>ceupied by the water will have a tension of 0'5 of an atrao- 
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In modeni times tbe applicitian of sleam to mec 
poAn has tecoiue incie&^ngly viui«d and cKteDsive 
qufaiW the pan it perrunm in the diSl-rcnt de; 
unlustiuil lifv it or groaing importance. Undc 
)n«atr»t wniei; it lenders is by its eipaosiie force. B> 
iltam nfiiK. The cooaderable uxiouni of botli Ire 
nlmic ^5 -KM.) it nintiias, is employed in diying tj 
in beating rtums aiiil drying goods. Tile soWent po 
•boTe ibe teoiperjliiiu of 2I-« is made use of in 
kiruti ottippantlmi for tooiiitg ty iltin*, besides beio, 
otber nses tu snfteo ot dissolie solid bodies. 
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'I'be following experiments nill Ehow the e: 
propellii.); f,iiei-s aci|uircd bv Ihc slcani. 

first Krpt. Let tbe steam of tlie boiling 

turns rvadily upon its axis; the vapour will 

fiHi,-!' as to imparl a rapid rotatory motion to tl 

.^Vnuuf iVjir. Give to tbe itcam tolie such 

mi a Kpreseatvd in Jig. \'iV. -. but Instead i 
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a direction tangential to Hie ai« ; and 
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the rraclion cauwd by ita emission will 
geneiale motion in an opposite direclion, 

same prineLplea-s that of Segner'smoohine, 
explained In §J65. 
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llie increased tension of the steam altendiint 
on an increas* of the temperature. To effect 




» 


thia, the tbennotneter t is Sued beside the 






i 


h 


spsee filled by the steam, the heat of which 
ii therefore iodicateiL The opaoBive ibrce 
or tension of the steam will be measured 
by t)>e height to which the column of 
intTcuty risci in the batomeler-tube, 
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■pansive force (compare § 410. and Tables XIT. and XI II.) as 
a propel bodies against which it is directed, such liodies return- 
r^ to their original {lo&iiion when the steam by being condensed 
m deprived of this force. 

Hiia fundamental action of steam, which is made use of 
in the working of every variety of steam engine, may be 
illustrated by the following umpie apparatus : — 

Erpi. 'Vhe arraugement consists (^ a glass tube (a 6,./?^. 
125.), open at one end and enlarged at the other into the 

bulb A ; a piston p, surrounded with 
worsted or cott»n thread, saturated in 
grease to render it steam-tight, is worked 
up and down by means of the piston 
rod ts, — Place some water in a, and 
hold it over a spirit lamp till it begins 
to boil, the steam thus generated will 
elevate the piston p to the upper end a 
of the tube. — Plunge the apparatus in 
some cold water, the steam will be con- 
densed, a vacuum will he formed be- 
neath the piston, and the superin- 
cumbent pressure of xha atmosphere 
will diive down the piston to the lower 
part of the tube. 

The principal parts of every steam 

engine are th^ boiler and cyUnd(r : in 

the former is placed the water which it 

is intended to convert into steam, and 

in the latter is the piston^ which is to 

n^ the motive power. Besides these piincipal parts uf every 

^Si°e there are many mechanical contrivaiices, by which the 

"*^er are connected, and by means of which the entire working 

®f the machine is regulated, and the motive power applied in the 

^red direction. 

Various forms have been given to the boiler, which is made of 
^ very strongest wrought iron ; sometimes it is of a spherical 
"sure, sometimes like a trunk with a rounded lid, mcst generally 
*'<^veTer it is cylindrical : in some cases it consists of a number 
^ tubes connected together, this construction having been 
idopted to lessen the risk of explosion. It is filled with water 
to a certain height, above which is the space where the steam is 
to accumulate ; beneath the boiler is the furnace for boating the 
^ater. The boiler and cylinder are connected by means of the 
*fer/m-/>rpe, by which steam is conveyed from the former to the 
latter; a second pipe, called the feed-pipe, keeps up a supply of 
water in the boiler, to make up for what is abstracted in the form 
of steam. Appliances of a more compVicaX^d ivaWt^ \.W\\ ^<i 
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J IS STKAM AVB VAXSB VOWSK COMTAIXD. 

their siie was only toeh as fitted them to ik6tmrgt smiB 
••ttiit : that a cooudcrable time must elapae before Ae ctese 
Attained the iwcesiary force to effect the disdiarge; aad 
lastly, that the Ibrce of percussion attained by the bsUi vfl 
iois than that of similar balls projected by menu of gon- 
(Kivder. Prechtl, in his Jahrbuch, d. K. K. poljtcdiii. 
Instit. su Wien ix. 1 — 4S., has demonstrated that the eftet 
of steam, under those circumstances in which it hss yet been 
tuuud, is not equal to that of gunpowder when applied to 
lar^pe shot. 

The great superiority of steam over every other nothK 
power is this, that, provided we can have the neceaaiy &d 
and water, we can apply it to any point we desire^ sndwitiiis 
pretty extensive limits we can increase or diounish iti fcrn. 
It can be applied with great advantage in cireumtmetf 
where other motive powers, water-power espedsllyv vodd 
l>e inadequate to p er f or m the duty required, or insoffidott 
aiid uncertain in its supply. If we compare, in an ceo> , 
noinical point of view, steam and water power, we most be | 
jcuided in our decision, not merely by the original ootby tf • 
the actual cost of working the two powers, for in respect of 
ori^nal expenditure water will probably be the more co^> ., 
and the cost of working it small ; whereas, the stesm-ei^o'' ; 
if cheaper in the first instance, entails a permanent expeiwBi 
If. however, a regular and uninterrupted force is wantedi f^ 
in mining operations, navigation, many kinds of. maou* 
tactures. &c., then the steaiii>engine has a decided superioritjr 

over water-power in its greater regularity and certainty; 
and unless, which is rarely the case, the supply of the latter 
is both constant and equal, it is ill suited for Uiese purposes- 
It* the work required to be done is uncertain in amount and 
irregular as to time* so that the furnace would have to oe 
lighted and fire extinguished frequently, then the g*^^ 
expense which would be incurred would render water-po*®^ 
preferable. Many circumstances would contribute to decio^ 
the choice in favour of the one or other kind of engine, snc 
as the purpose to which the engine is to be applied* ^" 
»it nation where it is to be erected, the cost of fuel, &c* 

'Hie older sort of atmospheric engines, working at 1^ 
pressure, are very well adapted, where fuel is cheap, to r^ 
water from mines, to supply towns with water, and to d^^* 
any great masses of water. Indeed, their mechanism \fi ^ , 
tremely simple ; they can be put up, and, when necess^y 
can be repaired with greater ease than engines that worl^ 
the pressure of the steam. If made of small dimensions, t*^ 
useful effect is insignificant, as the relative consumption^ 
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coal greatly exceeds their effect if the cjlinder be less than 
25 inches in diameter. 

Single-acting sieam-enginest in which the piston is driTen 
one way by the pressure of the steam, in consequence of 
their mode of acting, are available only for elevating water 
and performing that kind of work which is not impaired by 
the suspension of the power during the return of the piston. 
Generally speaking, their useful effect is not greater than 
that of the ordinary atmospheric engines; but their con- 
sumption of iiiel is only one-third or half as much, and 
the quantity of water required for injection is also less. 

Tlie double-acting gteam-engine, of which we have already 
given a detailed explanation, is best adapted for general 
purposes, and for accomplishing those performances to whicli 
the steam-engine is applied: hence of stationary engines 
this is the kind in most general use. The movement of 
this engine is extremely regular, for which reason it is well 
suited to drive mill-work, looms, &c., where the greatest 
attainable regularity in the performance is desired. The 
only limit to their adoption is, that there should be a facility 
for obtaining the requisite amount of water for injecting, 
lliese engines work with a smaller cylinder and consume 
less fuel than the single-acting engines. Their useful effect 
is greater, as the whole of the steam pressure is used in 
working the machine. They have been applied with com- 
plete success to propel large steam-vessels which were for- 
merly believed to require high-pressure engines. 

Machines that work by expantion require still less fuel 
than Watt's double-acting enjo^ines without expansion, as 
with an equal consumption of fuel they perform nearly twice 
the duty of the latter ; and even if the expansive force of 
the steam is partially used in the latter, yet these engines 
will even then do half, or at least one-third, as much more. 
Their force may also be increased at any time, provided that 
the steam is not already at its greatest expansive force. This 
cannot conveniently be done with the double-acting engine. 
These advantages are counterbalanced by this drawback, that 
they are suited only to produce rectilinear motion, as the 
stroke of the piston is not performed uniformly ; and if their 
movements were to be equalised by means of a fly-wheel, it 
must necessarily be of such extreme dimensions as would 
render its use objectionable. Besides, these engines are more 
complicated in their construction, and, consequently,' more 
expensive in the first instance, as well as more likely to get 
out of repair, and more difficult to mend. For these rea- 
sons they have been less generally adopted, and in England 
have almost entirely ceased to be used. 



*250 STKAX-POWBK, 

All hiffh'prtMsurt non-condennng engines axe^ as req 

their mechanism, far more simple than the preceding. '. 

occupy less room, and are the lightest made. Thdr 

sumption of fuel is, however, the greatest. They are 

plied advantageously in all cases where space is an ot 

and when the water requisite for condensation cannot be 

or can be had only at an undesirable sacrifice of po 

Their most extended application has of late been in 1 

motive engines, whose piston-rods are connected iromedi 

by means of cranks with the working-wheels, by whoti 

hesion to the ground the load is propelled. In these enj 

the boiler and furnace are arranged so as to generate s 

of high pressure in the least possible time. For every b 

power they weigh from 13 to 15 cwt, or about half as i 

as a double-acting steam-engine weighs. The original 

of stationary non-condensing high-pressure engines ii 

than that of condensing engines ; but the expense of woi 

them is greater. Their effect is no greater, and their b 

are much more liable to burst, which generally ba] 

either through the steam being allowed to acquire ai 

cessive expansive power, or through some irregularity : 

supply of water. When local circumstances will admit 

sometimes convenient to apply the waste steam of 

engines to heat water for drying apparatus, or for wai 

rooms. High- pressure condensing-engines, working al 

expansion, are more economical than the non-condc 

engine*', or than either the atmospheric or the single-J 

engine, provided only that the requisite supply of wat( 

be readily obtained, and that its somewhat irregular ac 

not a serious drawback. These engines are frequently 

in steam-boats, where water for condensation can be sc 

with the greatest facility. 

The number of steam-engines is annually increasuij 
rapidly progressive rate. ¥ihy or sixty years ago ther< 
not 100 in use ; at the beginning of the year 1838, 
number was estimated at about 200,000, equivalent 
labour of about 4,000,000 horses. The incessant ext 
of lines of railway will call into existence a growing n 
of additional engines. 



§421. 

The performance of a steam-engine is generally measured 

amount of its horse-power. This unit of power dates frc 

first application of the steam-engine in England to raise 

/ro/n the mineSj a work formerAy acco\x\\|V\s\\tt^>a>j Qavvnvoi V 
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leir perfbnnances were estimated by the useful effect one horse 
ould produce during the ordinary duration of his work (§ *28.). 
"his dynamic unit has hence been termed horse power ; to it 
uions values have been affixed, but generally it is now estimated 
s a force that would suffice to raise a weight of 33,000 lbs. a 
eight of one foot in one second of time. 

In France a new dynamic unit has been adopted, vi?. 
the force which would raise 100 kilogrammes per minute 
through a height of one metre ; the simplicity of this mode 
of reckoning will be a recommendation wherever the 
decimal system of weights and measures has been adopted. 
It may be hardly needful to remark that the nominal value 
of horse^power does not coincide with the actual per- 
formance of the animal, as the number of hours that animal 
exertion can be continued is limited in a manner that steam- 
power is not, consequently we are not to suppose that in 
us^l effect 20 horses could be substituted for an engine of 
20>horse power. 
The gross efiect of a steam-engine is found from the super- 
ficial content, or from the diameter, of its piston, the pressure on 
the piston, and its velocity. The last-named element is determined 
by multiplying the height of the piston-rod in feet into the 
number of strokes it performs in a minute, a whole stroke being 
^th the ascent and descent of the piston in the cylinder, its 
motion either way being reckoned as a half stroke. From the 
g^oss effect thus found deduct the power spent in overcoming 
vietion and in first communicating motion to the various parts 
of the engine. A fiirther allowance has to be made on the accoimt 
pf the resistance of the uncondensed steam in the condenser ; 
^ non-condensing high-pressure engines this drawback is 
reckoned to be equal to one atmosphere. Hence the useftd effect 
of any engine is found by making all these deductions from its 
gfoss effect (1), and dividing the remainder by the dynamic 
nnit. 

1. ) The amount of power lost in different engines de- 
pends very much on their construction ; in atmospheric 
engines it amounts to 0*52; in single-acting and non- 
condensing high-pressure engines it is 0*4 ; in double-acting 
engines 0*368 ; commonly one-third is assumed as a mean. 

The following example of the mode in which the effect of 
s double-acting steam-engine is calculated may perhaps 
serve to illustrate the preceding remarks : — Suppose the 
expansive force of the steam in the boiler to be equal to 
IJ atmosphere, and the temperature in the condenser 102*^, 
then the force of the steam in it will, by Table XII., be 
2'21 inches =0074 of an atmosphere; hence the effective 
pressure of the steam on the piston is l-5-0*074= 1-426 
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the MYVie hulk of air, there should be a surfiwe of l*66squ*'' 
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\X ^ hurp alrcadv oKwrvcd that steam is used to macerate ^ 
rx-on ont ircly tt> diMwlxT solid bodies ; this it effects, parUf '"f 
mc^ns of thMC g¥«at <)uantity of latent h^it it contains iH^ "^ 
a h ijBrh prosi^nitVi partly by its elastic force, and partly also ^TT^t 
^\nvmc minutonoss <k its particles and the readiness with whi^ 
I hey move among ca^ other; hence they are enabled to p*^ 
(rate into the interior of the substances on which they act» *P 
the> ar^ ur|scd by an equal pressure in all directions, and ^ 
viiKslanocnK submitted to the operation of this force readily ^ 
«(nindor in minute portions. 

However varied the forms of the apparaha for eooldmg 6y '^^^^ 
the principle on which they act is common to all. GeneT ^J^ 
^peakin^, they are constructed either so as to convey the «*^^^t 
generated in a boiler, by means of tubes, immediately to the nC- ^ 
whiel\ is c\>ntained in cloeed vessels, or the tubes are made to' ^ 
ivund the outsides of these* veaseb ; sometimes high-presir^'^ 
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The fint wffflacataam of laeBB as t&j» wxj a» <tJ.w 
purpoaes was made Inr Bifia. t=e Liw-ar of tsit D i 
io the early part of the ITth ecct^ry : is t=i^ :=.tcr; 
he heated water eoaaderablj above iai hnTr-r 
converted boaes to ajeOj. 

The solTcnft power of ateam is. appEed with ad^mcuce :-> 
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^ sam^ in expenditure if the feod be cocked bj 
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§424. 

Experience prores that the beat existing upon our globe i^ 
irived from Tarioos sources: of these the prinrqtal are, the tolar 
9^: the tkamgt im the aggrtigaU farm of bodies, tbetr capacity for 
^t ftnd their ekemueai eampoutkm ; eieetricity ; the ^rrestria: 
^; the proeeaM of viiaiity , and manj muekamical opcrmtums. 



§ 425. 

Hie Tay8 oftht sun supplj the greatest portion of the heat at 
^^ earth's sur&ce : one convincing proof of this is, that if any 
^y be placed in the rays of this luminary, its temperature rises, 
^e degree in which its temperature b elevated depends on the 
^^le at which the sun's beams impinge on its surtiEice, on the 
i^Wtity of light united iu one point, on its colour, apd on the 
***orptive power of the body itself. 

A body becomes heated the more intensely by the sun's rays 

^^ nearer the angle under which those rays fkll upon its surface 

Pproximates to a right angle, on attaining which the mnxiinum 

^^t is produced : hence the intensity of heat imparted to a 

^y corresponds with the intensity of its illumination. (^§ 285.) 

Hence we understand why the sun has greater power at 

noon than in the morning or evening of the day ; also, why 

snow on the roofs of houses inclined towards the south i^ 

melted before that which lies horizontally upon the ground. 

In like manner, we can account, frotn the inclination of the 

earth's axis towards the sun in its orbit, for the high and 

nearly uniform temperature of the regions near the cfpiutor ; 

the lower temperature and the variations in the climate of 

those parts nearer to the poles ; as well as the warmth uf 



i:i-i BKiTivc rowzK or thk sox^s batsl 

«;:nir»er ani tbe cold of winter gcoerallr. These resolti 

Arv i-iiti :.-u?NiT asfcrted bv the length of time the light of the 

<r^n hj» Ne«n ic opention : for ve do not erpcrience die 

rmx^yt ce«:7«« of bea: esactlT at noon, but m little after that 

t^3>e : <•:• i4.-«o the hon^vt part of the rear is not when the sun 

a a: the ao^tice. but a little after the longest day. 

Br :3eas« of the reflection and refraction of the suo*s beams 

tritv znMv he so combined in a focus as to |voduce a best suffi* 

citT.tir i:::c7i4« to» zn^t or convert into vapour almost all known 

'ojbftaDCbs. Os this fict depends the operation of bumiif 

lenses ani mLntx<!w hence also thej derire their appdlatftn. 

It vill suffice to mention the &mous burning mirrors 

constructed by Archimedes, also the burning mirrors and 

fflasus of Tschimhausen and Buflbn. Parker, of London, 

constructed a burning glass 3 feet in diameter, and bating 

nearly 7 feet focal distance, which fused platina, nickel, iroB) 

emerald, asbestos, and other incombustible substances. 

One remarkable property of solar light, with regard to its 

(^wer of exciting heat, is that this property seems intimately 

connected with its refrangibility ; so we see the greatest thermal 

iniensity in the neighbourhood of the red rays of the speetroDi 

on bo:h sides of which its heating power diminishes. This 

peculiarity has been already noticed in the section on light 

• ^ >3 1 . I. and in that part of this work where radiant heat has 

>>evn treated of ^§S?S.); for further particulars, therefore, the 

rtMder is referred back to those portions of the work. 

'ITie more transparent any body is and the better it reflecti 
liirht. the less does it become heated bv the sun*s"ravs ; and con- 
vt-rvely. the greater its opacity and the rougher is surface, th< 
more intense the heat that can be excited. The colours ofbodie 
irreatly affect the readiness with which they may be heated, thi 
bright colours having the smallest susceptibility for heat, tb* 
darker colours a greater, but black the greatest ; white has th 
least of all. 

This is so well known a property of solar light that it wil 
suffice to adduce but one or two examples. 

Our atmosphere, the most transparent substance wit 
which we are acquainted, is the least heated by the sun 
rays ; glass is more so, and that in precisely the same degrc 
in which it is inferior in transparency. 

Polished metallic surfaces if exposed to the sun's raySf ar 
always at a lower temperature than such as are rough. 

Franklin's experiment, with pieces of cloth of differen 
colours, is a good illustration of the influence of colour on 
body's susceptibility of heat. Lay several pieces of clotl 
of different colours on the top of some snow on which th 
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sun is shining ; after a little time the darkest coloured cloth 
will be found to have sunk lowest beneath the surface. — 
Hence we see whj black clothing is hotter wear in summer 
than similar articles of dress of lighter colour. — Paint a 
box black inside, close it at top with a pane of glass and 
expose it to the sun's rays, the heat in the inside of the box 
will exceed that of boiling water. 

The influence both of colour and surface, as also of trans- 
parency, with regard to heat, will be most readily seen by 
using a differential thermometer in the manner described in 
the second experiment in § 385. 
Other sources of light present to us analogous phenomena 
only in a lower degree, as has been proved by modern reseaiches 
on radiant heat. (§ 387. and § 388.) Whether heat or tlie excita- 
tioDof heat is an essential property of every kind of liglit or no, 
^not yet been positively ascertained ; but that light can retain 
*U its luminous properties though deprived of all heating power, 
^ see in the case of moonlight./ Melloni has proved that the 
■olar light may be deprived of its thermal properties by passing 
It through a sufficiently dense stratum of water. 

From the facts abt)ve noticed, it has been satisfactorily csta- 
b&hed,that light in general, and especially that of the sun, is one 
^ the principal sources of heat. As yet no perfectly satisfactory 
<^planation has been given of the connection between heat and 
^t: this would require such an intimate acquaintance with the 
•'•ture of both as it is plain we do not possess from the mere fact, 
^ two antigonist theories still divide the scientific world as to 
^e nature of both light and heat 



§ 426. 

One process is continually in operation on our earth by which 
°*t is generated, namely, the changes of afjgregatioii bodies 
undergo, the change* in their capacity for heat, and their chemical 
^"'Mnation and decomjHisition. 

It has been explained in § 399. that, when a gaseous body 
''ttoines liquid, or a liquid becomes solid, precisely the same 
quantity of heat is liberated as was held in a latent condition 
under its former state. The converse obtains when tlie oppo- 
site transformation happens. 

So, also, heat is liberated if a body's capacity for heat is 
diminished. (§ 398.) Tliis occurs whenever a body is rendered 
more dense by external pressure, or when its capacity is affected 
by chemical influence. The converse takes place when these 
circumstances are reversed. (^Sec experiments, §398.) The libe- 
mtion or abaorpthn of heat will be acceVeial^ \tv ^to'^t^vyck. \a 
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fZeefruil^ is one cf the maA pymtr^ arrests bj vrlr^ be&: i« 
•ndnced: of tins ve dull, boverer. «pesk ax prcour lec^p^ ::: 
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f phjrneJ sc ienc e, wbea it will be msdcr e«idest that eieciTiritT 
Aets the most direne proeesses of : 



§428. 

The terre$tnal hemi i» the mrre to viiicb the iotemal 5o!id 
■MB of our earth is indebted for its varmth. Modem rest«rch 
^ placed it beyond all doubt, that the temperature of the eartri 
^increases the lower we descend below its surfiMe. Experiments 
^t been undertaken, cbieflj in artesian wells and mines, tho 
<^ject of which has been to measure, at different places., the xu- 
^i<ise m this temperature. 

Profe'«or Reich of Freyberg, Marcet, De la Rive, Ermaii, 
and Magnus have conducted experiments of this kind. The 
instrument best adapted to this purpo% if; the Geoihermometer^ 
invented by Magnus. Although these researches have not 
yet enabled philosophers to ascertain the law for the incre- 
ment in the heat, yet, taking the results at a mean, it would 
seem that the temperature rises 1^ Fahr. for every 60 or 
70 feet we descend below the surfiEu;e ; hence, at a depth of 
a few miles, the earth must be in a state of incandescence. 
This heat is not the effect of the sun^s ray^i, but is owing to 
*^e internal source. That such an internal terrestrial heat 
^ actually exist we have pretty good reason for believing, for 
^ else can we account for the many hot< springs which gush up 
^ great depths below the earth*s crust ? Ilow could the earth 
^^e acquired its flattened form at the poles, had it not begun to 
^olve when its mass was in a sofi, if not actually in n Huid, 
ate? (§47.) If, now, we suppose that this fluid condition was 
Kng to the action of heat, and that our planet was once in u 
>te of fusion, then, as the process of solidification was carried on, 
^ would be continually liberated, and this emission of* oaloria 
^ht lost for centuries, ■ - 
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The following imy be-namM as initaneea of fcctteniliftj 
and liberated by mechanical means:— All solids, but cifi^ 
cially the metals, may be heated by striking; A bar of noi 
may be made red-hot merely by hammering it. In (hi 
year 1R34 some experiments were performed at MeH^ ti 
determine the effects of cannon balls diaefaaiged tff^ 
masonry. It was ftmnd that the balls, as they sank into Ae , 
limestone, of which the wall was composed, |i^tter8lcdM> 
strong a heat, that the surrounding stone seemed to hsvebM j 
burnt, and the balls themselves, for some hours, retiiMdt : 
sufficient degree of heat to bum any person who toaehdi ; 
them. 

Gases, by virtue of their extreme compre8sil»lity, my It 
considerably heated, and the d^ree in which their tcnpcn- '•■ 
ture is raised may even be calculated accordingly. ($ 99i) 
An illustration was given in the jfSri< . cjrpmaieii^ § S9(^ 
of combustion produced by a great compression of thstf*- 

The combustion of different detonating salts and povdfl> 
on being struck or even pressed. 

The striking a light by means of a ffint and sted. 

Steel tools such as gimlets saws, files, &c., beeooM W 
when used. — Fire procured by savages rubbii^ tugrtfc* 
two sticks. — Friction is also the cause of the axlet of cj*^ 
riages the cranks of large machines, the sockets in wbi^ 
the axles of fly-wheels work, and the cords that psas o*^ 
pulleys, becoming ititi'nsely heated, and sometimes firing* 
This effect of the friction is checked by spplying some p^ 
guent to the axli>8 and cranks of mschinery, and moi^eomS 
cords and wooden wheels. — 'ITie borers by which cannon n^ 
bored become so hot that they would blister the hsnn^ ** 
touched. 



IX. CONCLUSIONS RKSPECTING THE NATURE OF BOTH 
LIGHT AMD HEAT. 



§ 431. 

In the early part of this chapter (§ 362.) we just glance^ 
the opposite theories which have been entertained respecting ^ 
nature of heat; now having noticed some of the principal pb^^ 
mena, we shall be better able to compare these theories ^ 
observe how far the explanntions they afford are satisftctory f 
the same time we shall have an opportunity for remarking '^ 
striking analogies subsisting between V\^t a,xk^\i«BX« 



T nAT UOSr A«B aSAT AMM mniTICAl. S6S 



According to the older hrpotbesis these diflerent phenomena 
vere attributed to a material substance of heat, which closel j 
resembled the matti'T of li^ht, hut which was suppoc^^ m t to be 
identical with it This material h»t was imagintrd to 1)6 a very 
fine, highly elastic fluid, bat destitute of the primitive properties 
of all (^er matter, such at weight, inrpenetrabilitT, &c. All 
bodies whatever, were supposed to contain this hypothetical heat 
ui certain but unequal pniportions and especially ^ubstaRces 
vere conceived to have ft)r it a diffWrent and varying attractive 
force. Ivlost of the phenomena that come under our notice may 
be satifsfactorily accounted fur on this hypothesis, but not all, as 
^- gr. the fact, that raduition goes on at all temperatures; for it 
|s an established iact, that heat radiates even from such b.niies as 
'lave a lower temperature than the others by which they are sur- 
■funded. Again; the uninterrupted development of beat by 
^ctioa and electricitv are not satisf.ictorilv accounted for on the 
cwpuscular theory. Lastly; the great similarity sulisist'ng be- 
^een light and heat does not admit of so satisfactory an expla- 
nation as upon the undulatory hypothesis. 

According to the second theory, which has been very exten- 
sively adopted, light and heat are really identical pon-ers, which 
°^>iay themselves in different modi's of operation, and which are 
^Qvertible the one into the other. On this assumption beat would 
appear to lis as light, if its motion were altogether free ; but if 
we light were deprived of its free and rapid motion by tie ope- 
'Mion of other bodies, then we should recognize the same agent 
** ^ork as heat. The pheuumcna which bear out ths hypothesis 
*^ the following, viz. that light produces heat, not merely by 
concentrating it but also by preventing its radiation, in which 
^ it will be absorbed by bodies. (§ 385.) All substances 
P^come luminous when ♦heir heat readies a certain point, vary- 
f^gwith the nature of the particular substance. Radiant beat in 
*^ motion obeys precisely the same laws with light (§ 380 — 
T^^ )i and probably would appear as light to an eye of greater 
^^licHcv than ours. Although this tiieory assumes that luminous 
Pbenomena are never to be found uncombined with those of heat, 
^^d thnt the latter are joined with them either as cause or effect, 
y^ this assumption is not lx>me out by experience. 

The third hypothesis, which steadily gains an increasing number 
^* adherents, is compounded of the two preceding theories. It 
••^uraes the existence of an aether which serves as ihe substratum 
'of the joint phenomena of both light and heat, which owe their 
*^Hgin to the vibratory movements of this imaginary fluid, exhi- 
biting to us the phenomena of heat or light, according to the less 
^ greater velocity with which the particles are set in motion. 
'§ .381. and 389.) 
Professor Baumgartner expresses Vim^M Vci ^« ^v^w' 
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sphere of operation than the exertion of its attractive and 
rtf|nilstve fori.is would indicate; and that, probably, rauij 
d nlienomenon U ultimately owing to magnetic influenee, 
although the miNle of its connexion with that force is 
ui!kni>wn to u^ 

The tf\i*:tence of a maprietic power was known from sn 
early d:ite ; but the ancients were acquainted only with the 
jctniotive properties of the lozidstone, to which' mineral tbey 
^jve the name of mnptet, probably from the circumstance 
of its beiiig found in abundance in the neighbourhood of 
>Iai:nosia. a city of Lydia, in Asia Minor. The method 
of makin;^ artiHcial magnets was discovered in the litb 
ovntury, and the science soon acquired increased iniportanee j 
on the Introduction of the mariner's compass into Europe. 
'J'lie rapid advances which have since been made in every 
department of natural science have caitsi-d the laws o» 
:n i^iietio influence to bo more clos.My studied ; our aequaiot* 
ar'ce with the operations of this ]H>werful and widelj 
cxtctidw\i force has accordingly become much enlarged. 



f 



11. NATURAL AND ARriFlCIAL MAGNETS. 
§ 433. 

SlicU loJics as possess the attractive power we have ^^^'^^^r 
abo\v\ ate ternud M gmts , they are kr.own by their dr&yrl'^A 
tow.irus thomscUcs. though from diff».'rent distances, iron, st^ ^ 
uuJtol, :ind cv>buli, as also Mich other mineral substances as cont^^^ 
A portion of iron in their cv»mposition. If the attraction ^^ 
cv>n> orTv.\l into absolute contav-t, the magnet will hold theoth^^ 
Ik»o\ with a force whose intensity depends on a variety ^^ 
cirvurstaticcs. If a n^airnct bo placed so that it can move i^^ 
mavs treely» it will invariably assume a certain definite positio.*^ 
with respect to the earth. 

Magnets ate either H:ttnral or artificial: the former are iroi^ 
orcN ot\en callovl loinhtones^ and are found cither at or below th^ 
Mirtace of the earth ; the latter are commonly of sttel, they are^ 
ot' \arious forms, anil the magnetic prop;'rties are imparted to 
rlieni b\ a prvK'X'ss which will be de«>cribed presently ; they are 
i»:i'.«icd according ti) their shape and the manner of their combina- 
tion 'riiiJ.se artiHcial magnets, which are constructed so as to 
ujoNc freely, and which will therefore take the certain determinate 
^Hysition already s\>oken of, are called needles : of the different 
►jr/Vtic.s we vliall speak paTtw:u\at\>f Ai-s aivi^Xii. 



DIFFKRKKT KINDS OF MAGNBT& 2G7 

The loadittone is a chemical combination of the oxide and 
suboxide of iron (Fe.O, Fe.Og). It is found pretty exten- 
avely distributed, especially in the northern parts of the 
world, N. America, Norway, Siberia, &c. In many of these 
regions the mineral exists in such abundance as to form 
whole mountains, and,* if regarded as a single magnet, must 
be one of prodigious power. Repeated experiments have, 
however, led to the belief, that the interior strata of this 
mineral do not possess any magnetic properties but that its 
influence is limited to those portions which are exposed to 
the air. 

We hev^ alrendy observed that artificial magnets are of 
various forms ; if they be either cylinders, or parallelopipeds, 
they are called bar magnets ; if curved in the middle, so as to 
bring the two ends near together, they form horse-shoe 
nuignets ; when several bars or horse-shoes are combined, the 
whole is called a compound magneU or a magnetic battery; and 
sometimes, more simply, a bundle of magnets. 



§434. 

. ^oth the magnet and the body it attracts exert a reciprocal 
influence on each other ; that is to say, the magnet attracts the 
*fon Q, other substance, which in its turn attracts the magnet.* 
The following experiments will illustrate this fact : — 
First Expt. Suspend a piece of fine iron wire by a thread, 
80 that it may hang horizontally. — Present a powerful 
magnet to one end of the wire, and the attractive force of 
the former will at once be evident. 

Second Expt, Suspend a magnetic needle in like manner ; 
offer to it a large piece of iron, and the needle w ill follow 
the iron in this case as the wire did the magnet in the 
former. 



§435. 

Magnetic attraction will be transmitted unimpaired through 
^h solid and liquid bodies, and through gases either rare or 
^Dse ; iron and such other substances as are capable of being 
'^netized, form the only exceptions to this rule. 

• NoTB. — Perhaps it would be more correct to say, that *• the attraction, 
^^ich is apparency between the magnet nnd a piece of iron, is actually 
Qetwemi two magnets presenting to each other ovv^%v\.« ^\ii%:'' —'^^^^O^ 
aSWDtftism, p. 3U4. in Lardner's Cab. Cyc\op. See a\%vj \ Aaa. Vo. vVX^ h^wV. 
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the moiinet cierts an influence is termed its circh oftnngnetk »• 
jiatMCif^ OT iL< magiutie atmotpkert. 'lliis influence may be either 
cran^lont or permanent, as it is induced in pure iron, or in iron 
ciMitainiii;; a portion of carbon. — In this condition of induced 
-uajriKtiNni I he general lav of magnetic attraction begins to 
openttf I § 4:C V. and the magnet and the other body exhibit i 
tendoiicv to appro.ich ; whence we may inft^r that every case of 
nMgT!o::c :ittr.iction is ovingto induction; thus, txgr.t a piece of 
»i>ft iron t<« xfoelf converted into a magnet beibre it can be at- 
tracted lowArvit a magnet. 

Tlie till) owing experiments will illustrate magnetism by 
induction : — 

Frit Erpt. Suspend two small pieces of sof^ iron wire 
^y a ihreiJ in <uch a manner that they may hang vertically 
«ide by side, and near to each other, as shown in /^. 129* 

by the lines n 8. Now bring the pole 

^ ^y * * of a powerful magnet close to tb© 

lower ends of the wires, and we sh»** 

see. I.) that both the upper aD^ 



F.. • I '^Q 



I 



lower extremities of the wires rep^ 

each other, and so bring the thre***",. 

r out of the perpendicular ; and ^^\ 

* ** that the lower ends of the wir^^j 

»how a tendency to approach *^3^ 

touch the magnet presented to thei^^ 

'rhi«4 phenomenon can however onf ^ 

^'H be brought al)oiit when the lowe^^ 

ends of the wires have acquired a^^ 

V >J - opposite iwlarity to that of the mag-"^ 

r.vt v^tlVcd to thoni. wliil^t the upper ends have a like pola-^ 
r.:\ « ih it ; thi-* is "^hown in the figure. 

S;;l>"<:i:uto t*or t!io iron wire two common needles; these 

will l>o remiered permanently magnetic, their 

I- . ; V. pointt h.ivinj; .1:1 opposite magnetism to that of 

L;» the pvile presented to them and their eyes the same 

i^^ nujjuetiNm with it. 

>i S(\'onii F.xpt, Hold a large key at some dis- 

I ** t;uioe above one pole of a powerful horse- shoe 

nui'^iiel. as represi?nted \x\ fiy. ISO., and by the laws 

' of m;iguetic induction it will itself l)e converted 

n\ into a magnet, h.iving its poles as shown in the 

"^ >"\ tiv'ure. Inder these circumstances, it will carry a 

.'"■' smidler key at its upper and another at its lower 

euil, but if it be moved in either direction side- 

— v^ ways, it will soon arrive at a point be- 

^^ N ^ Yond the influenc*; of the magnet, when 

the smaW >Le^'s ^\\\ ^W o«. 
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§ 44a 

We have already remarked that (§ 433.) magnets exert their 
Attractive influence at various distances from bodies su<ictptible 
of it; that the intensity of this force consequently is not uniform, 
hut that it varies with the distance. 

Expt, This may be eaMly shown by bringing a magnet 
near to a magnetized needle ; the deviation of the let tor is 
perceptibly greater the nearer the magnet is brought to it ; 
it diminishes as the magnet is removed to a distance. 
By experiments, which will be described and explained here- 
*f^f it has been ascertained that the intensity of magnetic in- 
fluence diminishes in the same ratio as that of all forces acting 
'^onta centre, via. as the squares of the distances; so that, if the 
Stance be increased two, three, four, n Umes, the attractive force 

^^ be one-fourth, one-ninth, one-sixteenth, — ^ of what it is at 
Uie distance assumed as the unit. 



«» 



§441. 

As the nature of magnetism is as yet undiscovered, we are 
^^lig^ Xq have recourse to hypothetical exp)anatiun>« %\ hen we 
*^^^5ount for the various magnetic phenomena: on this subject 
^^ilosophers are of different opinions. Some suppose (us they 
^ with regard to light and heat) that there exists an extremely 
?^l)tle imponderable fluid, combined with the particles of those 
^^es which are susceptible of magnetic influence, perhaps indeed 
^^^th the particles of all bodies. This fluid is further supposed 
^ consist of two distinct parts or rather of two fluids, distin- 
^Uished as nor^A or positive magnetism ( + M), and south or negative 
N"*-M); neither of which, however, is found singly combined with 
*"* particles of matter, but nlways both together. 'Jlic particles 
^^ the same kind of magnetism display a tendency to repel each 
^^^lisr, but the opposite kinds to attract. Now, if the relative pro- 
Portbns of these two fluids existing in any body be such that 
uiey mutuidly neutralize each other in the individual inolccules 
^Qposing it, no magnetism is displayed, and such a body would 
^ lud to be not magnetized. But if this condition of equilibrium 
**^ disturbed, or a separation be effected by any external cause 
whatever between these two fluids, then the magnetic state is in- 
duced and the magnetism is invariably hipolar^ never vnifmhr. The 
>ttractive energy of each of the magnetic fluids may be further 
nipposed to be accumulated in the respective poles. Every body 
tiiat has acquired this state of polarity is uv \t& lutw c^^^l^V^ vX 
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focceii ittncling tlist which b like and npelling ItiitV 
unlikcilwIC (Comp. § 27a.) The dcrangeinenl lliuiefft 
the mignclic fluids u not fulEcient to cause their jussip 
one particle ot the bodj In uiDther. Mill lesi from cue bod 
■nitbcr. By aauming ih'a hypothcticBl fluid to be ibmcoi 
with the dioIhuIc* of subtlances, we nn eiplain how m 
or any other body in ■ stale of in»gne[ic actitity, may fic 
tame condition in othem itltbout any lou of its oo-d pDVI 
iJso *hy< wlicn a mi^pC is broken, each pnrliDDiil. 




suppntcd distribution of ilie atitagonisl fbrcvs in the ioter 
magiHI, the small squares representing the molecules of t1 
net, each of which contBim the two polar forces in thijr i 
emidiliun, divided so that the like are nil turned in-tbe ) 
rection, and the one forei; acts at one eiCreniity of the : 
and the opposite force at ihe other end. (The antagonU 
are caressed hy Ihe black and while chequers.) Hence 
apparent why, if a magnet he bruken across, each portion 
■ perfect magnet, and will have two poles. (See also the 
trptrimail, § 437. ) 

Thi* separation of Ihe magnetic inAuences is Dot effect 
04]ua1 readiness in all bodiei. The more easily it is aeeoni 
the KKiner do tliey again combine : or, in other words, tl 
quickly any body liecomea magnelited, the sooner also 
lose the magnetic propeitie^ it had acijuired. To sccoun 
flut, il is assumed that difTercnl substances cfter a very 
ilegree of resistance to the magnetic influence, which ' 
separate the two species of magneiism Ihey contain. 1 
not assume that all those subciuiices which have as yet 
mastic influence are therefore absolutely deetilutc oft 
netic principle; it will b« enoujfb if we suppose that thi 
bilherto used haite not been sufficiently powerful to o 
their niolecular resistance. AccordinR to anotber an 
modern theory, deduced from ohscrvalions on the phenol 

'w latter has been regarded as ni. 
l:\ie iea^« vVli tiv,d ths >ul 
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. deetro-magnetism treated of distinctly in the concluding sections 
of this work, to which he is referred for a full account of this 
theory. 



UI. TKERBSTaXAL MAGNETISM. 

§442. 

Since, by the law of magnetic polarity, unlike poles attract. 
It follows that, if a magnet be suspended freely between the 
disnmilar poles of a more powerful fixed magnet, the former will 
*nange itself, so 'that its north pole shall be opposite to the south 
pole of the latter, and its south pole opposite to the north pole 
of the fixed magnet ; in such a manner, in fact, that the axis 
produced of the moveable magnet will pass through the poles of 
^e fixed one. 

Expi, Suspend a small magnetized needle horizontally 

between the poles of a horse-shoe or bar-magnet. Whatever 

the position of the magnet with respect to the poles of the 

earth, the north pole of the needle will invariably be found 

to point towards the south pole of the magnet, and its south 

pole towards the magnetos north pole. 

All magnets that have free motion in a horizontal plane in 

*^ part of our earth arrange themselves, so that one pole, called 

^ north pole, points nearly towards the north pole of the world, 

^ the opposite pole towards its south pole. — The inferences 

^ be deduced from this fact will be considered presently ; the 

^et itself is all that we assert now, viz. that a needle in any 

^vtof the earth invariably maintains a certain position as if it 

^ere placed bAween the two poles of a fixed magnet. 

Now, if we conceive a vertical plane to be drawn through the 
^xis of such a needle when in a state of rest, we have the magnetic 
^ritUan for the particular place where the needle is. There are 
but few points upon the earth's surface where the magnetic and 
geographical meridians coincide ; consequently, the needle does 
Bot point due north. The angle which the former makes with the 
latter, at any place, is termed the magnetic declination, or the 
tarudion oftke needle at that particular place. It is spoken of as 
either east or west, according as the needle points eastward or 
westward of the geographical meridian. 

The magnetic needle is a highly important instrument for the 
Ditural philosopher; and to mankind in general it has proved of 
essential service in guiding the mariner safely over the trackless 
ocean. It enables the traveller in unknown regions to determine 
the azimuth of objects ; it is used by the surveyor and by the 
miner ; and lastly, it is employed by the m\u«t«lo\gb!&l «& «. \&&\ «^^ 
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the presence of iron in minenls and ores. Of late it hiibeoi 
applied as a gauge of eitreme delicacy of the inteonty of certuB 
electrical forces. 

The simplest method of finding the magnetie nwridiiB it 
any place is to suspend a needle by a piece of untwkted dk 
or cotton ; but fbr many parpoaea it is more cooTcaiart to 
balance it upon a fine steel point, whidi is let into a toA 
cap or cone just over the needle's centre of giafity. 1^ 
diminish friction, the cap is frequently of ag«to. 

Fiff. ISS. puMiti t 
Fig. 132. transrene seetion of > 

magnetic needle. 

To render the noh 
tion of the needle av* 
ceptible of 



t 



its point of motion is placed in the centre -of a circle^ vbitk 
is ditfcrently divided, according to the purpose to wtiA^ 
in to be applied. In the tnartser'f coatfiafi^ the cirdt 
traversed by the point of the needle is marked <^iiitstf 
rhumbs or points^ whilst in the axim^h CMqtau the tt** 
circle is divided into 360^. — If we wish to find the nofA 
and south points of the horizon accurately for any particttltf 
place by means of an azimuth compass, we ou^bt to kno' 
the variation of the needle at that particular station, ^ 
make a proper correction for it. In some compasses this 
declination is expressed by a line ; but, as we shall soonsboVi 
such a contrivance is of little use, as the declination is ^ 
only different at different places, but it varies firom time to 
time at the same place. Again, for the purposes of geodesy* 
the comprss is not to be implicitly relied on, as its accuracy 
may be affected by other causes, such as tiie proximity of 
strata of loadstone, basalt, &c. 

The quantity of iron or other magnetic substances m 
minerals is found by observing how much they deflect die 
needle. 

It is not known to whom we are indebted for the origiov 
invention of the compass. It has been asserted that di^ 
Chinese were acquainted with its list 1 100 years a. c. ; ^^ 
was introduced into Europe in the 14th century. 

§ 443. 

Numerous observations made during several years have led ^ 

the conclusion, that there exist two lines on the sur&ce of tb^ 

earth on which the horizontal needle points to the true north ; ^ 

other words, where the magnetic meridian coincides with t^^ 

^eo^rflj)hical. These Knes of no decUvMAvm, Vi NtVivch Profes*}^ 

August has given the des\g;nai\oii q« agonU Uxtv^vt^ v«^«^ 
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umber : one, called the American agone, is in the western hemi- 
pbere ; the other, or Asiatic, is in' the eastern hemisphere. They 
xtend from south to north, but they do not coincide with the 
oeridians ; for they both, especially the Asiatic one, intersect the 
itter lines under different angles. It has further been ascertained, 
hat their position Ls by no means stable ; for, after the lapse of 
WQsiderable intervals of time, it is sensibly altered. The decU- 
latioa of the magnetic needle gradually increases on both sides 
>f the agonic lines, and somewhere about midway between the 
:wo it attains its maximum declination in both the northern and 
touthem hemispheres. In those regions of the earth which lie 
irest of the Asiatic aigone towards the American, the declination is 
^est of the north; in the other parts of the earth it is east. If 
diose places which have an equal declination west or east be 
Boonected by lines, we have the isotonic Unest or lines of equal 
ieeHnation, Some of these form curves inclosing a space, whilst 
oth»8 branch off both north and south ; most of them, however, 
ve drawn around two points near to the north and south poles 
of our planet. These points, of which, until lately, it was 
thoQght there were two pairs, are called the magnetic pedes of the 
forth, or, as Hansteen more correctly termed them, magnetic 
pnatff of convergence. 

Several philosophers have constructed maps, in which we 
are presented at a glance with the distribution and relative 
position of these lines on the earth's surface ; the principal 
are those drawn by Hansteen, Barlow, Ermann, jun., Du- 
perrey, Gauss, and Weber. Now if we inspect maps of this 
kind, constructed at different periods, we shall be able to 
see at once the changes which have taken place in the 
position of these lines. According to the most recent re- 
searches of Gauss, it is thought there is a greater and a 
lesser agone, the former embracing the globe like a meridian 
passing through the magnetic pole, and dividing the earth 
into two hemispheres, the eastern parts of N. and S. Ame- 
rica being comprised in the western hemisphere, and New 
Holland, Arabia, Persia, and Russia in the eastern. The 
lesser agone forms an oval, and runs through Eastern 
Siberia, China, and the neighbouring sea. 

Hence isogonic lines of western declination will be found 
in Europe, Africa, and the south-western parts of Asia; also 
in the whole of the Chinese empire, the Atlantic Ocean, 
and the Indian Sea. Similar lines of eastern declination are 
found in the greater portion of N. America, and in nearly 
the whole of S. America, the eastern half of Australia, 
India within and without the Ganges, the greater part of 
Siberia, and the whole of the Pacific Ocean. The mean 
decimation in Europe is 17^ ; it mcteaie^ Xo'nqx^^ ^^ni^'sN. 
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(mt Boon it is 20^, at Edinburgh 269, in Iceland 38^, 
in Greenland 50^); it decreases towards the east (at 1 
ni^pib«rff it is IS^, and at Petersburg 6^). 

On the position of the magnetic poles or convergi 
points^ more will be said in the observations, § 446. 



§444. 

If a magnet, suspended horizontally, hare free motion aboo 
a\is ooIt in the Tortical plane, then it follows by the Ian 
magnetic attraction, that if we place another magnet benetti 
ics poles will be drawn downwards towards the contrary pol( 
the lower m^noet. Needles which are perfectly free about ' 
omtre of graTity, but which hare motion only in a vertical p 
Are termed di^fi»^ mttdles. 

If a dipping needle be placed over the axis of a magnet 
between its poles, then they will both exert an attractive 
repulsive influence on the needle; if their forces be exactly & 
whUrh will happen if the needle be at an equal distance from 
extremity of the magnet, the needle being acted on by two < 
t >rw« in opposite directions, will obey the laws of gravity 
.t^r;ft!lJ^^ itwlf in a perifectly horizontal position. But i 
iivwllo be nearer to one of the poles of the magnet than t( 
v'tber. it will be mv>re powerfully solicited by the former, and 

• X orxvi'vly the proportion in which it is nearer to it. Tt 
r aciwe v>t' ihe m%>re rvm^ne pole will be altogether annihil 
whv'« tl^e needle** centre of gravity is brought perpendici 
o^'fc the o:hvr jk^Io, One efteot of this is, that the needle 
::>i hvM:Uvu\(;il ^xwition. and that pole begins to dip whi 
•■:v*v\l towyirds tho cv»ntrary pole of the magnet, its depre 
v\^*-s^atnU increodutti. until at last the needle assumes a ve 
rwiituvu Ne\t. if tho dipping needle be placed so that the 
v^t Its uK^isKi be at ri^ht angles to the axis of the magnet, it 

* v" ^vrfvVtly horuv>atal when immediately above the ma| 
xNM'.it of indilifervnoew •*. e. midway between its extremities 

' * the ttee\Ue be uu^veil towards either of the poles of the ma 
v; XV v<^Hio«* that it l»ecomes subjected to the magnetic infli 
V ?* o;xU tbut oae iH>le ; it will, therefore, assume the ve 
'.\vyvt .v>rt 

I'be aK>ve rvnvirks may be readily verified, by plac: 
vlx'j'^nuj: ne«\Uo in the pi^itions just named with respe 
A Nfcr-xiwgtiet laid horiiontally beneath it, — Pro; 
Sv'htuidt jfite* the following method of preparing a di] 
innmW thit nwv be used by such persons as do not p< 
4 »Ki*^jKNHir«i»imslrumcnt.— TVvtu&\.aTaa^tv«x:\L^^Vci 



Fig. 133. 
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DHdle (Jig, 1 33. n ») through a cort 
c; furniah the tatter with an aiis, 
consisting of two needles, a Hnd fc, 
■t eight angles to the magnetiied 
needle. Let the direction of this 

the centre of gravity of the whole 





may balance. 






[ia»i«T. and it be free 1 




tvUlbaiuiceitselfins 


horiionlal line. But if 




rith iia plane of motion in 


.eridian. we shall find 


t has lost its horizontal pos 




e its north pole and in 


umisphereita south pa 


ti become depressed; and 1 



lain pos' 



which it 



:iably n 



si. If the needle's plane of motion be at right angles to the 

pietic meridian, the needle becomes vertical. 

Saand Expt. This phenomenon may be most simply 
iUusliated in the following manner : — Drill a hole in the 
middle of a piece of watch-spring, pass a needle through the 

vertical plane, and, dime into a horiiontal position, when 

it a second lime upon its ails (§ 154.) — It will be at once 
seen that its et|uilibiium is disturbed, and that it takes the, 
alantinf portion of which we have spoken above, 

A needle may be fitted up in the same 
Fig. 134. manner ai we have already described in 

( tlie first eiperiment ; but instead of sus- 

pending it by a wire fork, il will be belter 
to lay the ends of iU aiia on the edges of 
the uprights b. 

When a magnet baa been mounted so 
as to have perfect freedom of motion 
about ila centre of gravity, the angle it 
makes at any point on the earth's sur^e 
with the horizon is called the angle of iht 
needlc'i dip at that place. As has been 
already said, at all places in the northern 
hemisphere the north pole is depressed, 
and ia the >oul\ieia Wlu>if\m« '~ub wai:^ 



^: iiA«:Nrru ■ mi ■iM *— ■eaanc la: 



«..•>!. imr'iim£*nN imeiuM ■ mijfl dy to mcmire (he migni* 
t...:. n i:\i> miv^Ii art lermad dj^^pay mciA^ and are tcry 
.M-urf«««\ ,v ikr ,-*iMin: ii'' the diAeohr fiDond ii^ pnetically ooa- 
O'li-!::-^ ti. !i. Ti riuimar ^ir Bi^Cfntudc of dM aB|^ mdi 
;«' in. v.--^^. tu «iuuiTsti» bis « vertacal drde of teas gi*^ 
«i«MTfH ".nil "sK.* 
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"N. ■ .^ th. im*Hui. » wB as hi Taratioiif diftn it 
•iift.^t-.':-. • .-ft.".**. TV'n »* «n hropulB' nure in the nrigUw* 
bn% . !-\. i.*-rr<:uA rouaim, irhflK « accdle baUnceiilw 

4««<-.': sri. u^m. i« iiu (irimif it«r y^h » aho MOWtiiBes eftlledAi' 
«i<» ■•..f. .•-.„...- . ,i,v»» ixrr. NonaAt ynA the equator, but c* 
in. :/»!!.- 1: 1. ;i 'VI nr.ir'<i ArauMJBe jtmatu n sodi a muM 
iiA th. •^.l*; II ,t i: <iruau>f! in the a ei 4«m heoiBpbcrt n 
v.\«it* 'V . >i :-v «sMmur aT thr fcnh. and the portkm 
'1 i-.. ;•>%».■ I rvMiiNjiitmr nin> ma J i a an d of die 
•.Vki-i jii«- ::m n.i-ii'vu-iJs. thr liir (if the nerth pole < 
i.i.-»-:**i> u.M-'i II jht sanu* nr.iTvirEioii as ibe latitodeflfAi 

a ^A 

n;%% , ^ n,,.r iiv'^.^aM it ihf dir </the aooth pole oblvV 
ih. -^^i. ••».'- 1 ]\,^ni>^iiiu»^ If «pr tvanect thow plaea in die <•• 

; •* <:it. • Ml -r.uint. ;hr pAhc.riinniiijr nmlypinU^ 
« ■♦ :^ !•...■••. :i. <s<iiHt^* 1; » wniihT erf" remark, thit • 
xT x .... •■ i.i. -v** Tx i.»inw. Tr siihsxff ia the pooticA of ti*** 

.-X .» :K >M»:»u«-mi*'. lines^ v§ "•-'^^ "niii eeein* *® 

■». , M-M X mKpm*tir «viinciii,jn k in some way to^ 

1V.-*.N « I ! *,' •-,^■■•.11 )t44U; 

■ •.>■», 1, <«.«;»:T.v IS n."*; a riwl*. b«t rather a •'''T^ 
• ji.i-i •■>;>: muT} *'i«*«loiwi. es^MciallT in ^'^^ 
•^ . ■ *x M ■'.» V .1 :hi it,vt«'. ntnnx&. «■ yvunts of intereeet**'^ 
/'«. *?N .■ ,1 :?irt« U?4 naiwv? ivwr.ts. and indeed tb»*^ 

■ '» • ".» >«»•;> t\:ri'Tne".y rjiriaKr; and as fiv ■•<>*'f^^ 

M» • f.sv \.-: Nh."* 11. ;i tinpc&n nt mo*"* pn^rre&avely ^^"^^ 
«-.x • *.\s.. v>,>4 ,v :)»osc n«>dal pninCK i* at piesent ^ ^^^ 
t'v K', o ;^: 'Di.imiiN. in .^" K. ]i>n, : and the other in 5^-^ 
V V f^. v\vH'. iiivMJi :4*^* K. Ion. The lenotest declina^ ^<> 
o ■ K. ■ •?: j'v»: V (VufittV frwm tho equinoctial line amounti^ ^^ 
bS.m : A^' \r -.Vn T^-*rthcTr benni<.phere. and i« attained in ^ ^w"^ 
\ >■«'• i-k- : VroMK^mtii; and its |nvate&t southern declinat^ 4^.^^ 
,» . :V wostcm hemisphere, is near the Bay of Balr \!^^ 

«S.v ; s,^"^^ M . lort. — Tlio dip in Euiope ranges from 60® 
".'*' . « xo: tK^ Tnapwtic poW of the earth it must amount 
f^'^V \\\ the vcar \^^d^ in liihe nomStkem \\«;Yiaaf^tua«^ ^t 
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ewwfing firom the magnetic equator northwards, the dip was 
S4l^ 49" at Pekin, 61^ 42' at Rome, 6S^ SS' at Brussels, and 
71^ at Petersburg; in the southern hemisphere it was 14^ 
5(/ at Sl Helena, and 13^ 30f at Rio Janeiro. 

A. Ton Humboldt gare the first impulse to the construction 
of diarts, which might show the dip of the needle in much 
the tame manner as the magnetic maps we have just 
described exhibited its declination : in the execution of his 
plan he receired important assistance from Hanstcen, 
Ermann, and Duperrey. 



§446. 

The phenomena of the declination and dip of magnetic needles 
>t the earth*8 surface are seen to coincide exactly with the eflrect3 
pndnced by a bar-magnet on such needles ; hence we are com- 
pdled to infer, that our planet is itself a bipolar magnet, whose 
PoUs do not exactly coincide with the poles of the earth's axis, 
W which lie somewhere near the latter points ; that, agreeably 
to the fundamental law of magnetic influence, they attract only 
valike poles; but as the north pole of a magnet dips in the northern 
^mi^ere, and the south pole in the southern hemisphere, it 
^ovs, Uiat the northern hemisphere has a south polar magnetism, 
*Bd the southern hemisphere a north polar magnetism. 

For this reason some philosophers, the French especially, 
have called that pole of the needle which points to the north, 
the south pole, and the end which points to the south, the 
north pole. 

By the magnetic poles of the earth, of which we have 
spoken in this and the preceding paragraphs, the reader is 
not to understand fixed points, but regions, in one of which 
the south polar magnetism is concentrated, and in the other 
the*north polar magnetism, the fluid itself being supposed to 
be distributed over the whole of the earth. Hansteen was 
of opinion that there were two of these points in the northern 
hemisphere, and, reasoning from analogy, that there were two 
also in the southern hemisphere, these magnetic poles being 
Hear to the poles of the earth's axis. One of these he 
believed to be situated in North America, a little west of 
Hudson's Bay, in 80^ N. lat. and 96^ W. Ion. ; the other 
in North Asia, in 81^ N. lat. and ] 16° E. Ion. ; the 
southern magnetic poles he placed a few degrees farther from 
the south pole. Gauss's more recent observations have, 
liowever, led to the belief, that there exists but one such pole 
in each hemisphere. Sir James (then commander) Ross 
Smnd ooe of these during his axclVc ei^edcivvcyacJlY^'^^ 



l'*^!'' hack: 

:'^.V.. ii. thr rear 18S1. to be in the ▼kinity of HudaonV 

Kiv. ir -i^" ".■ :T' N. lat., and 114° SSf 18" W. kjiL, 

whm tiu (tipping n^edte vas within 1 minute of hmg ▼e^ 

lira . I. (iifftrensc which nur faxrXy be attributed to an error 

ii tru niMervaiinn. The actual existence of the magnetic 

i.nii II. that lino: waf^ fimher proved by noticing that theTaria- 

tii-t: nftpdii-. wher. carried round, always pointed to that spot, 

ani. whrr ir tha: suiion followed the course of the sun in 

ill' ri^-riii:. a^ounr. the- horizon. Gauss theoretically fixes the 

Tt.'K::iA: n:' :h( mairnetic pole in the southern hemisphere in 

"■.•■■ :." S ia:..anr l-;iS s:> £. Ion. 

Tni inii;i.-tivt efiort> nf Tiir eanh also prove its magnetic stat^ 

innvinu.-'r ». ThTA KcAT Ii strikinc analogy to the induction of 

n)A;r>v-:>MT. tn nrtiinuTx mapM*!*- in bodies susceptible of this 

ir.^iirnn ^ •ii\i. '■ Thnu marnetic effects of the earth are at- 

r-lNi:."*. t^' ih< nnoratinn of rr'trKna! mapmtism. 

fj-K Ti' vorifv xhc inductive power of terrestrial nu^- 
n^tKir.. nrnrurc a bar nf sof: iron from 2 to 3 feet long; • 
hi I mi u o:' irnr wire, insulated by a wash of sealing-wtf 
.:t«4-ttvcf. ;r. naphtha, or spirit* rfwine, will do still better; 
1. .■•i»mmrti-. variation needle moving freely on a point wiU 
:^w»r -^ho*! the various nuumctic states of the iron bar cansrf 
h* xiiifxinc it> posiiior. wi;h regard to the earth. 

I'ict i. thi har xr & hori7or.tai pi-Wiuon, and at right angitf 
;. ;:i, 41 1 -?,■»: i.u. o:' \hc nco^iic, so that one of its ends shall be- 
.-"■.- :!n mjiifiu of ;hr "sarroT : the needle will be unaffected» 
t»- ::u ivi- p;l W -.r. a srr.rc- of magneiic indifierence. ^o*' 
v' * :!if p,>ii:i.ir. of thr bar. inr^ining it gradually in the 
. -.vj'or o" ;iu tnRcnoL?.' meriaian. and it becomes 10S%' 
!.. . . '»».v an.\ n.-»v;ii:^v t«v ^-iisunct poles, its maximum 3**' 
:, T-tv :* S;- :ijr nrra.no.i v hor. holii parallel to the dipp**^? 
"«i\»..'» n: :uc Wmct of oSsi-rra:iv'»n. Brine; the lower ^^^ 
TV;.- r.^ ;hf :Mr;h oo'if of a xariat ion needle, and its nO**' 
:vi.:.".;* » ..; Sc Nh.««iT by -.:> rer»ol!ing the needle; bring *^ 
...w^- on.-. ;." :bf *;,v,;:h i.-nVie of the needle, and by repeU*^ 
: ^ ..; ;>o,\>me i\:,ior.: iha: thi< end of the bar is a so^^ 
.■».^'f KfvtT,;;- ;V pi>siiion of the bar, and you at the sS^ 
t.nv TYvorsi" if* wlos. 

rrnx- r»:in>o:'no:iA are generally spoken of as the result5 

.\*>e tVjVrinierts iM^rfomned by Barlow with large ir* 
iv.'.N. osVuv. ?;-• ^.V.:*, are extremely instructive. These bal 
i*> ::e ::'.v,io:ive inllueiice of the terrestial magnetism, a 
.^.;. "ixi A r.v.giu-'tic Ci^ndition answering to that of the ear 
■:N;".f. On o:io of these globes, 13 inches in diameter, ] 
7:.)»'oJ the e\UTence of a tnagnetic axis and a magnet 
<\;ujtor. The former bad lYi« savu«t ^^o^wSow «j& «l ^v^^v 
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rhe ponftion of the poles afn. needle and ki tfipi^ 
1 them both to be ia SMtnat pars of tbe warldy must be 
vded as the icndt of the Mtutliuo exerted br the north and 
ith magnedsoDi of the cnrdL Ibis iicee is pot isrth in two 
Ktioos upon magnetsy to. bonaoaaaJlT, by whkh the posztiaa 
a needle is detenniiicd* and verticaUy, bj vfaicb its dip is 
ttlated. If a magnet be peHectly mobilev both haeiaoata£hr 
I verticany, it will obey both tbeK fcrccs and take op a 
ition which expiejaes the aces /mm tftartwtriml 
erj dippii^ needle that has nnytian in tfae ■igmri 
esthis line; and if we conceive a plane to inteiaect the axis of 
h a needle at rigbt ai^es, we shall have its magnetic equator, 
t dipping needle be so placed, that its plane of motion stands 
right angles to die magnetic meridian, or if its axis lie in the 
er, then the needle ^nH not be acted <m bj that part of the 
estrial magnetism which is exerted in the plane of the boiizoo, 
only by that whidi acts in the vertical plane ; it will con- 
lently assume an upright positioa. 

The roost simple form of magnetic apparatus in which a 
needle can hare this two-fold free nxKion, is that represented 
in Jig, 133., and described already in the Jhsi experiment, 
§ 344. This construction will not, however, give a very 
accurate instrument Care must be taken to fix the needle 
n « in the cork, and to balance it as exactly as po^ible before 
it is magnetized ; and in magnetizing it, its position must not 
be disturbed. Fig. 135. represents a more accurate kind of 
instrument, a « is a magnetized needle ; in 
the centre of gravity it has an axis placed at 
right angles to itself, and about which the 
needle turns with extreme facility on the 
endl of two screws ^^ These screws go 
through the parallel uprights of a light brass 
frame abcdy that has a small hook at top, in 
which an untwisted silk thread may 1m» 
fastened, and the whole apparatus can be 
hung up under a bell-glass. 

The following observations will prove that 
the inclination of such a needle gives tho 
direction in which it is aotad u\^on by thu 
resultant of the teTTe«lt\^ m^j^CA^v^ ^w 
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or IBBKBESIAI. XAGXntSX. 



Let S na X be the two magnetie pole* of tiie evth, 
aDd kt ■ « be « mat^^tt noniig freely, both borizoDtall j 
aod lertiallT, about iti centre of gamtj m. The 




■^ 




•ttractire end repulsTe influcnee of tbe 'poles N and ^ 
in the horizontal dircctioo, impart to the needle its positiot 
It «, mith regard to the poles, such that its axis lies m a lii» 
joining K and S : any furthn' approach towards the mon 
poirerful pole will be prevented by the suspension of tbt 
needle on the fixed point a. The needle's dip will be re* 
giilated by tliat portion of the magnetic influence wbidi v 
c&crted in the vertical plane. We will assume first, that the 
needle is utuated just midway between the two poles Naw 
S, and. con^uently, every part of it will be equally solicited i 
ami the point », for instance, will be drawn in the direction 
n S. !iy the pole S, just as strongly as tlie point « is ^ 
|>olled in the direction s a. The line n a, which eipresses the 
innpiitiido of this attraction, must therefore be equal to <^' 
an«l as the distincc of the earth*s poles from these points^ 
M) great the two lines na and sa may be regarded *^ 
p.trallol. The other magnetic pole N acts in like mao^*'' 
attracting » as powerfully in the direction « N, as it' rep*? 
n in the direction fi6; whence also «6 is equal to ^' 
and those two lines are likewise parallel. Now, J 
the i^aiallelogram of forces (§ 23.), «c is the resultant ^^ 
the |XMnt H, and «c for the point *; but they are b^^ue 
equal, and in exactly opposite directions, whence 
n*HHllo will be held in a horizontal position. Next, let 
fake the case when the needle n « is nearer one of 
i^arth R magnetic poles than it is to the other, and let us si 
prtso it to l>e nearer to S ; then the point n will be as stron, 
Nolioitotl by the pole S, as a is repelled by it, so n a will 
*H^ual to sa; the pole N will attract s as powerfully as 
n^I>ols N, whence «6-n6. But the attractive force of N 
Ics'i than t\\at of S ; foi ^ \s xoore remote than S, n6 and 
will thcrefbi'e He \csa tVian » a send • a, 'IVve \«s,\s\sunsL\9k 
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Fig, 137. 







and 8 c will in this case be equal and parallel, but not. exactly 
opposite tn each other : they will therefore cause the needle 
to turn about its fixed point, and it will only come to rest 
in the direction n! s', parallel to the resultants en and c» ; 
this therefore, will be the dip of the needle. 



§448. 

It is important for many purposes to haye magnetic needles on 
vhich the earth cannot exert any directing influence : needles of 
^U kind are called astatic neecUes. A magnet moving freely can 
1^ rendered independent of terrestrial magnetisn^, by giving its 
Axis of rotation precisely the inclination which a dipping needle 

placed in the magnetic meridian would 
have taken. Thus, if n«, {Jig, 138.) 
were the dip of such a needle, all that 
would be Required would be to place 
the axis a i of the needle N S in the 
direction n«, and it will be immediately 
converted into an astatic needle. The 
earth acts in the direction of this fixed 
axis upon the needle, whose move- 
ments are performed in the plane of 
the magnetic equator ; it will, therefore, 
^ rest in any position whatever in this 
plane. 
Another, and for many purposes a more useful, sort of astatic 
eedle may be thus constructed. Two needles (Jig, 139.) whose 
lagnetic powers are as nearly equal as possible, are fastened on a 
:)mmon axis a 6, which is suspended by an untwisted silk thread 
c; the needles are parallel to one another, and the north and 
)uth poles of the upper needle are over the south and north 
oles of the lower one. By means of this arrangement, neither 
f them can assume any particular pontloti mXVi i^^ct lo IbA 




"M ^r^^wrr ir "njumuAL mMumnb warn ■unB> 



:tv ■tieii!»iiT ii' :hii tVirce <ilr <^nnpitTB iafinedtraAc 

^iHUr« ■ t 'Ml! *fni» .11 rhv IMndMiiimm OKeSkOOK' 

>u^iii . .» 'Tiv mmwr t ind Nuf oKiilatiani pofi*^ 
t .iiii.u 'riN!» « uvvrwiy jb tlie Iisictii of an okSUoi^^ 
•ii.i«!> Elm 

; : r » T* : y»: 

-w M«iiAnf» ii' .Ox nuxnuvr <ji TibraDiXEspcr&nMAii* 
.••v*i '.-iM *« UK sftun; .jvnmiiuiii ve ua the iobensitTOlv 

\«.i« cb uis « ippiieti :o TW^eiuBed neeiiks» *b^ * 

■■ • n 
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^l = ■%' : V : 



It .*itH « -uitlwi*. Mriwn ippiieil tu mai|nit!tie n**^^***^ 
......«.i«v •> t»t ^uarv^k ir^hv 'iimr»ut' their oseiHatioBfc''^ 

.i\^>>> » !<«. tuiiiiwr n isviilatiuns vbm the dncs"* 

• 

<. !»iii ■i ft* Hstsitii V -he newille mak» ■**^ 
I -^i ■ \\i\. i:-* ■! It* s^trsinuss ^hiitf it B. it ^o** 

it IQ 

* ji!'*. ■■.;■•»•.»%.! :! ■•■ sx-yiitrs: ir. rfTTjreswnl** ** 
■ *.'•>.. ■'«. iMtt^ ••:in:v "' rtcsiiations ic -^ '^ ^j 
X ^,...-..'N i"* "1 u 'i : riiL'M the in'tfnsiti** 
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- . N 1 ■ •^«>«*<(it ■riu^f'tec'.jffii vhich jcss horiioai^ 
^ ivv»in* villi* f>ac wbfch k excned re^ 
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'ever, we can readily prove, that the inten^ty 
ther of these modes is proportional to the t 
terrestrial magnetism. otal 

Let n «, fig. 1 40., be the directing force 
of the earth's magnetism, as shown by a 
dipping needle in the magnetic meridian 
of a place (§ 447.), and let n a = P re- 
present this force, which may be resolved 
into M 6 = H, in the direction of the 
horizon, and n c = V acting in the ver- 
tical plane. Now if a = the angle of 
the dip (§ 444.), it is evident that P = 

H V 

= -, — ; it, the total effect of 

cos. a sm.a 

the magnetic influence exerted by the 

earth at any particular place is found 

by dividing the horizontal intensity by 

the cosine, or the vertical intensity by 

he angle of the needle's dip. 

iTing the oscillations made by a dipping-needle, 

isure the dip or inclination of the needle at any 

lace. First, place the needle in the plane of the 

eridian, then in a plane vertical to the former ; 

vibrate in both these positions, and count the 

•scillations made in equal times in each position, 

be found that the number N performed in the 

i that made in the second n. In the plane of the 

leridian they obey the entire magnetic influence 

he vertical plane the needle is acted on only by 

V of the force which is exerted vertically. We 

V . V »• 

ly found P «=-; — ; whence sin. a = -—a- - - . 
^ sin a P N» 

esults found by observing the oscillations which 

edle makes at different places, will give us accu- 

for the intensity of the earth's magnetism, if the 

late free magnetism undergo no change, but not 

In the small needles which were formerly em- 

s rarely happened to be the case, as they are af- 

ariations in the heat, and still mote sensibly by 

^ of masses of iron and other similar bodies. To 

ist these sources of error. Gauss made use of bars 

1 1 to 4 feet in length, and weighing from lib. to 

(vhich he gave the name of magftetometers. The 

hese masses, in addition to the other precautions 

;ured these bars from the operation of external in- 

This simple but ingenious apparatus surpasses all 
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:n- I'Mmxmfnfr- mmnnOr imiiilniil; fiir h is apableof 
'«..:..-ui'.^ iitt TiiininHC cimnen^zhH g mniii e in theioten- 
«> .1 tn: Aim ^ nwciic!:Ha& W jir wp uiti oiMl Tariations of 
: 1 majniKJim^ur fmn. ri> nimal pnatioii, wluch diango 
.•u: ••: mnMiTtyi It mx. une» nf one fcciood; hence all the 
-.>«ji*.aiuif>> wriii^i i: b> oairwc ir icTcsti^ate with r^ard to 
rt v.ii'tHi*^ 11- tM torrecrjni mn p nttiMi, may be fiwad 
« .:? :rk: mnc tijvii nraeMinr^ 

~V n«.-i)tniim>«tn;i«emiiicniB viib eaanooa Tariatioa 
-.r««-!(> rui 1^ anv:ainaoNiiifi*r sipilkgd oalj wfaoi we an 
vi-.: -Tunt«« II wsummc ma: rnr Tmrmji'ift of the needles 
::).'?»<:-'..>- iinnfTpr nr xaumet : «iiii this proviso they may 
*i. :^', iir ."imnu-inr nu diftrem TKiwrs of magnetSf or 
;.\ .'«<i:*tui:irL£ iii£ minuu mnpiecir inAaenee of othff 



« 

.'i'<K."'.:i!i'irs nvuit fiininc mnrr yeui^ and the nennnnlatca 
;^i *%.--..---.". 11 ii<iiirKniiiti«> ni:«>r fdipw-n. liiai thac sobsist bott 
•^.^ ■ A'.\» ;-«-ik..r va^iarmis^ a: Hit- «aine plaee in the earths 
•**.A.-"t.'i*v. T^i^- :«'Nk .«» iniimiTM: H" rhaBpes xa tbe declination aoA 
.ip \ :*x. uAMiu nm. n tiit inarMcic smeBBtr. 

''-.. ".vi'-.'" v^rs»i:ini>' ii"^ surr ai^ foaiov a certain lav, iw 
*■; ii'n u.-<rubin74*£. vn.r trji: lair, can be cafcul*' 
lA. '■» ■'> •■..:m.. r-^.u.Nsvr fin iT«r«.'"rrwT C5«iiifuisbes them ioW 

'«■«.• j> !w.im: fH-i;ji«r: nr..» ifrcr the lapse of leogW" 
1^. . ■>. -ix-s. :.". n* i-uti wi.tz't cmr-Wiit^ ia a manner wit*^ 

»» ■' . s^v .ji' vj,-.:»:ioi>», -.hf oiV'hr.aii.'ffi » that which has be** 
v;.-.^ .»'>v. - ;v. all. N Tr.K «v-i,~sri'S l.r\>wn : onr informat**'^ 
» • ■••..,.: m:»i mvi.sT* -vrc* .ir. frwcc data, and is of more ^ 

..-:.ii.v7v iTi'v f-s: ohw-voi to take plae« in the decli*'?! 

.1 ♦,« uv.'if -.r. :rif '.r'ti- «ir.nin\ but it was not till ^^f 
".' .■•.i:. I.I * rh.iic ^n* accrirare-'y Laown as to the rate 
v>*« .^.ni:^*^- A.'v'*..: :hi tcat :r\\\ the needle in Eura^ . 
:^ »:i ro :. : ^i oa>: »v :Sc T^^rih ; in ] e<?S it pointed due ncrtf^ Jk 



\ 



< 






:^ '.I 7o ... -H *'«>. o. i.Tc rt.^ri.T ; in j ^^^ u poiniea aue ncrt*^ j 
-.»:i r ' «.•> :.-.v ir* ,Tc^~Ja:i.Tn westwards gradualW incre«^\j 
r'^i .'-sf ,v rhr prcccdir.jr ««i:urT. For a sliort peric^^ 
•if- 1'- :»»i »virrrv»ncTmor.i cS the pnesent cvnturv the need# 
'^ -.w : M .:.-x . h,:; T^r the las: iro years its declination has ce^^ 
.:.\-t ^st»r.. an»i. in ali prohabilitr, it will continue t^ 
^\ s." ;... :; aciir. Ivcomrt due north, then the declinatior^ 
« VToasf r»-»w.irjs the east, and when the needle has at^ 

ra ;r>(.v. a Tnax;mum it w'iU agaivu rctorcu The aeedle b^a» 
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to retrognde as I^oodon in 1819 ; at Parim and throughout 
the greater part of Germany, in 1814. At Berlin, the de- 
elination in 1840 was 16^ 42^ and the annual decrease is 
about 30 8'. 

The onlj observations made on the variations in the dip 
of the needle, are both few and unsatisfactory ; all that is 
known with certainty is, that at present the dip in Europe 
is decreasing. In the year 1780, the annual decrease in 
Europe was from S' to 6'; in 1830 it was but 3'; whence 
it appears that the dip has nearly attained its maximum. 
According to the observation^ made in 1840, the dip at 
Berlin was 67^ 53', with an annual decrease of 3*5'. 

Our knowledge of the variations in the magnetic intensity 
is still more defective, for it is but recently that this subject 
has been investigated. Hansteen believes, on theoretical 
grounds, that we may assume the intensity also to be de- 
creasing, and that this decrement in Europe is annually 
0-003695. 
The diurnal and annual variations of the declination-needle 
eoDsist in an oscillation eastward and westward of its mean posi- 
tion. The magnitude of the diurnal variation differs according 
to the situation of the place, and the time of day and year. It 
appears to be very intimately connected with the generation of 
^>cst by the sun. In the middle of Germany, in winter, it is about 
^'isad in summer about 16'. In the more southern regions 
^iuch lie nearer to the magnetic equator, the daily oscillations 
^^scome less, and at the equator itself they vanish entirely. Re- 
^t observations have placed it beyond all doubt, that storms 
'''^terially affect these periodic changes in the variation needle, 
^ith a clear sky and an easterly or north wind, the fluctuations 
"*ve been found to be greater than when the weather is cloudy, 
*^ a south or west wind prevails. In this case, also, the results 
'^^Qi to be affected by solar influence. 

From a comparison of the observations made on the de- 
clination of the needle at different places, the following re- 
sults have been arrived at : — 

1.) The time of the greatest declination ranges between 6 
and 9 a.m., happening earlier in summer than in winter. 

2.) The time of the greatest declination westward is about 
15' past 1 P.M. ; but this depends on the season of the year. 

3.) The oscillations in summer are greater than in winter. 
According to Kreil's observations made at Prague, 1839- 
40, in summer the arcs moved through are three times as 
great as in winter. The greatest oscillation noticed in any 
one day, by Gauss, was 20 '1'. 

4,) The oscillation during the night is incQn&vdj^iaJUk, 
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] .-7.* -.h«Me .rrrralar e firt uitimeei in a ^icetiaB an 
13. i; .'. «t cs !::« sucartic lines mn. 

:-. :^ S.«c o4wrr^-d altvadT 1$ 432.) that nOi 
tr>j:i TwQ f^AT^ jj[o the inde&ziiFiblc A. t. HdMH 
: -c "L'u-'Cvr .«r tbe Mj^«(ic AssociatioD, vtieh hi 
.•irL-:»:i.': 'Mff -hrcMiziJ'Mii the pmter i»ait of tk^ 
T'.c 70 rc^ .71 :h.« a*9c>cLi:ija i« to invcftigBte the cA 
••.w '•■ i.-«i.:«. -nj;r*c':c ciusfcv in the earth's ni^[Bcdfl^ 
:' -H.>«>^!vi:. '. • i>i.-«r*.a:n rrec2»e!T the influence iteioli 
•-T ^ 'urT'-^tg "i-nalTe.'oob . ng iia tions are made with ft 
-t.j^*ivi»:ii!i:c-."^ a: Tir-.>?u« ft:ic:oD« at and beneadithett 
«;.r« .i:« I":*; «M'T::**.u='ca:ion« add i cawe d to this aoddyl 
■<i''V!. ':idC noc only tbe drreater Tariations in the en 
-!i.iv;-:cf-.L-. :::rf'aci:ti«. but aIm? the sn«»<4 minute, nar, eitt 
..-•■■ -^'Lar. i *:;r';a:5c« haic bwen ]vre«ived simultilHOO*, 
»%■.:••'. '"iir t^u -livr A. thou jrb the changes obseTTed did 1 
I.:.- •.r>ai ■. j»m:ic.J*; in Jc^-ite. yet their oeniiienee it * 
^.■ic : '.i:v •r'i> b«\oca question thai thcT are cooBBlB 
li : .-^cio.^.^vx -he ■jucr. i.*i J remarkable coincidence B v 
-i.iciiuiiiuuj liiruuiiiiout ihe vorld. 



:5 -151. 

• *vi.- ; .L";.!.'.' -•. :m!:!x t.i "'c jrsvered, — What notion shiD** 
■ ii vj..- ■«» uMiC'ici-'n:. wh.o> *.:ail enable ustoexph* 
>^ ^- ;• ' 1 ■ '*■:.: ■ :l .■•! »:j:;: iTvi vir_\:rj: Tnagnetic phenom*' 
.■-•«v • ■.: V. ■'•«*.■•• v : J .'i.r ::i't:cti : I'niii Ijiely philostjpWfl 
. i^ ■ • ■. . !•>».'■!». ^ r ; ti'tf ».jrth a *ort of independent o^ 
- - .:..■•».■ :.!• v; :"-.-t'cr js>uv«;d that this force had its i* 
i" I..- .j:!er. Of :;'*;•* thevTits Hansieen sis*** 
. - ■ .-•.:■ c ■■ .' 1 : ■ . : V'e bc-^r <;: ;j iv r:ed. He conceived n* 
«^ ■ c ■-'«. •i.'.'iv.'M -v-rv ovi"^ :j Ji ni.i;;r.etic power refl»* 
> • i :i • -c ^:i-:;\ j::^? t;;Ji: i:«* :r.tiuc-nce was ^'f***^ 
> « . ,\ .r .li ;. i: vl:? roi:::s. He further supposed t»* 
i .«.•.» i'^ ■ ;.: -It:.: w-;t:: e*4ua.I iT-tcri<:ty in two opp**'^ 
.«. • N . ix^-s : o v ;».'•» of :::e« a\cs K.i;:!j at a considf*^ 
V ■• » '^^ ^-jr: ^N "^urfaov. To account tor the variaOO* 
■ 'v -vrvo'c s JecI:::dt:on and dip and in thefl**© 
■«: .i;:r .*i:U'd to these axes, and so. of course** 
» ■.■.v^rv>>ive :^!OCion. in, coo'^et^uence of which *" 
♦ • ^ <-i ^' ■.vi«.> o:' the rjorthern hemisphere point more** 
■ V ■. ' ■ ■. N : *c ^MxE. a:*.d trose in the southern hcmispb^ 
^ * . >■ : "c »v.«»: I*' tbe^e aiccuirpiions are admitted, y^ 
'<' • I. .«.: .i:.:'\ <:\vla:n all that was formerly known wl 
•■ \ • V. * I ,-v."4 .•><tvnKnji of terrestrial magnetism as wt 
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it must be confessed that the researches of modem 

rn manv bodies to possess magnetic properties vbich 
It believed to have any; that lor many important 
•f which viil be adduced presently, it appears to 
I whether the earth has any magnetic axes ; and 
?rior of the earth is the seat of magnetic influence 
ore so. One of the most weighty objections to 
be found in the now well ascertained diurnal and 
s in the ma^etic declination and dip, which the 
he Magnetic Association hate proved to coincide 
er remarkably in different parts of the world. 
added to the fact that the northern point oi mag- 
:e very nearly agrees with the point of the earth's 
icial heat, and the evident influence of that agent 
.'na of the earth's magnetism and on magnets in 
152. and 462. K have led to the construction of 
(rhich seems to afford a more natural explanation 
I by Hanstet:n's hypothesis. The main features of 
that the earth's crust, and not its interior, is the 
m ; that in the northern hemisphere a north, and 
a south majjretism predominates — the intensity 
Teasinjr from the equator towards the pole, but 
, the two hemispheres. The resultant of this in- 
>int on the earth's surface is caused by the separ- 
inafrnetic fluids in the component particles of the 
)th to which this supposed separation extends is 
cted with the mean heat of the earth's crust, if it 
•onsequent upon it. According to this theory, 
have no actual existence ; but are merely matlie* 
1 it'll represent to our minds tlie places where the 
sinfjle forces is combined. The impartatioo of 
turally be subject, through the excitation of heat 
instant variations, which will return as period-' 
)n of the sun itself 'Vhe changes in the earth*s 
i are accordingly held to be dependent on the 
s surface ; the diurnal variations being caused by 
3 an<l decrease in the temperature, and the annual 
e periodical fluctuations above and below the 
perature. 'ITie position and form of the magnetic 
cially the whole system of the isoclinic curves, is 
e distribution of heat in the two hemispherees. 
re and degree of the needle's declination and the 
sogonic lines are explicable if attributed to the 

dence has yet l)een obtained to show whether 
fined to our earth and the substances it contains, 
agent is common to it with the other he*venlv 
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; aad certainly the points of nsen- 

the pqritioo of their axes, &c; vaatf 

that wc are diqKNed to think Alt 

frr bejond the UmitB of otf 



T«-T »ra^iai w>»rcnoy or MAcvcvisif, nn wunv 
lA.-T".^* A«> :>.-ULAsrsc it, avd thx BirFKaDrT mrbom vr 
"wtusm ?;' T»TiuBjr oa 




$45ES. 

rV: norwikia f'^ m^pailHai of vhicfa any angncdzaibk Mf 
> ^u&<xyr;iMc'aM«a»4«iW«Mrv;vcpovcr($441.)oftbeH^ 
saHik.-<if .-i«niMMDr^ ss. IV lew thb Com or tiie reaiataoee «luch 
k HM*i » aiiK 3.- jdSer tiT tW fcpjoaiioB of the Diaf|;iietie 9iA 
siK xiursc caM^-v » 3C miiritriafii — the more readily too dotf i^ 
um: ::3v v3iik« jc & aurc 4f ^e sfMgiiftian it had aaqoind. ^ 
^'^Mn*' ^3« AMocvvt av-'vier. dr Cfee uMxe povcHbl the wm^'^ 
Afe'^n;. a«f mmr £.dSiff£j: s h t> magoftiir the body, aod v* 
wfu^<sr iMPf. X xCMK t3«r sivaAuac imparted to it» i. c the lo4^ 



-^'^ 'TT'octinK anwcsirr 7ae«>rcts ibcir rerarin^ magnedmi'. . 
-«.-! is<^ IT? nukTiKCiaftSK. k\i :^ cvccnrr. it is the cause wb^ ^ 
-. 1. .-.•-ot..: AQML^^K fy.«. >-?t--«t -j:;^ wcora:.' cooditioQ of the ^ ^ 
: .. «. i-.-T^* \AVf^.'^ I? 5*rj."^w"* tfi'Aniaietits. pure soft t^ ^ 
•: . ^ V. ^-»>c >;>u$c<ii)c« ?.' jAca^<!.fK>Mv o«3Lt soft Steel, it' 



■..^v4c-.>^ .>)Mf«-^:tcxiRs Jtti'f «ao«?« that the resistance of m^^ 
- .. Ni. >wwi«.-* as jr^sau:.^ Tx>i.i<c bv beat : that by raiung th^ 
■, V. «.-j.-.- .:*> :^f>a>aaic« » j«wc«c : *> ihau for erenr body 
:.v .-^-v^^ ;K;i^ tfv aN."v H.iu«f 7iircic.ii.sr nnafMsaturv, at vhich it 

•■-» .»».>^- v,%i. ^"Hr X'.:^ ^^a;^:^ s^ th« point the body h^ 

■. i.:-v>. .:a<.">»i>.»f 7.' :a*f Lxitf scw^rfil =ujC1ik:c influence^ and 

•-■»='*.s-'V-:l *. jioji«.ici>.(; ji ivcjyc rxica* "-^ii The limit at whi^ 

' . uii. <s.^:v\ .^ju ; .tiji* 4i,.:HMC«.bk« «3f 3Li^sccie influence, is 

.«.x^' -,■•.. ?v»c ji siKHt'. 1-K.V-* Fa^. Wbea very near this ten^ 

v«<%.ii-.. :K- >e-i> ^c*. r A wvcviTv trve- which enables them t^ 

■v.- 1. V :)v iikjx A.''««rr^ -sa^c^xusix : but if heated beyond thi^ 

VI -^ tv xxvi£tc « ^.:«.. :h<!T bixh k»e ail seiuabLlitT tc^ 

.■.y.^-:^.\:y. .i.iuofvv. VU«» iMi; M«oc» to cxert a contn^in^ 

V '••'.» .>.-* 1 }v\:* s ctt^^tSCiiLu^j KMT Tielding to magnetic in^ 

.-.IV, (. .:«.». A.T tvc.*<*<ftr z^os kVMt eTer induces magnetism ; i# 

« MVk-.;' k ifvc.iS ^ stufiVi. and the different donees uf mag— 

vk >. >Li>«.^v:.Ok*:c« ^t;V<*>)^ ^^ ^^ cohesiTc xbrce of the substance 
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There is also a limit to the quantity of magnetism) that a body 
ean receive and retain. This limit is called the point of magnetic 
9abtnUioH, and from what has been just advanced, it is evidently 
dependent on the coercive power of the substance. Whether any 
pvticular body has or has not attained this point, depends on the 
intensity of the magnetic influence to which it is subjected, and 
*lso on the length of time it has been in operation, for if the 
^cnrce be too feeble, and the time too short, the point of saturation 
^lU not be reached. A body may even be overcharged, i. e. so 
extreme a tension of its magnetic forces may be induced, as can 
|>e maintained only whilst the body is acted upon by the magnet- 
lang body ; and on the removal of the latter, the coercive force 
i^re or less slowly regains a portion of its power. The polar 
■orees are maintained in an effective state by connecting the 
poles of the magnet with some other body, such as soft iron, of 
^owet coercive power than itself. 

. Hence, whenever we wish to excite a mere temporary magnet- 
^^^ ve employ pure soft iron ; but when we desire the magnetism 
^ be permanent, we use hardened steel. All artificial magnets 
"e made of hardened steel, though nickel and cobalt may also be 
'^tidered permanently magnetic. 

The steel best suited for artificial magnets is of a fine 
grain, of uniform structure throughout, and free irom flaws. 
A principal requisite is, that it should possess a proper de- 
gree of hardness, and that it should be equally hardened 
throughout the entire mass ; for, if too hard, it is extremely 
difficult to impart to it any magnetic virtue ; and if too soft, 
it readily loses it when given. It has been found most ad- 
vantageous to make the steel in the first instance brittle, like 
glass, and then to heat it a second time, till it becomes of a 
straw, or violet colour. 

The capacity and tenacity of artificial magnets are also 
affected by their form and dimensions. It has been ascer- 
tained that the breadth of a bar magnet should be about 
One-twentieth of its length, and its thickness from one- 
iburth to one-third of its breadth. In a horse-shoe magnet, 
the space between the two poles ought not to be greater than 
the thickness of the bar of which the magnet consists. 
Xjastly ; it is necessary that both bar and horse-shoe magnets 
be well polished, and that their faces be as level as possible. 
The poles of a magnet, when not in use, should be in 
contact with a keeper, especially the poles of a horse-shoe 
magnet. The keeper tends to maintain, and even exalt, the 
power of the magnet, whose poles are thus employed in pro- 
ducing the opposite magnetism in the respective ends of the 
keeper, which should be made of the purest and softest iron. 
The keeper should be in absolute contact m>^^<&V«^'^^^'^ 



.-/ rnc rcrw^iftAe Tgrwt. or viA the qppoate pola of tws 
:iL.* sa^piRi.. v^on iftuoU be plicrH in a line. 
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7*ru-i Lr£ i-irj:c2» smOda2» of " ^ * f »* »'— t*^ffit bat tiw nxv^ 




.nij:-:..!:. -. r ^t b«dr^ ^cvtcf^: icto the ricinitT of nidi tu%' 
xiir^ . : r i.irA»)L ^aaf^MTV-ai ■nMaSpiibtiniK ; 4.) by the sow 



§ 454. 

Tr^f Tn.-r<? r.Tr.rs>a ukd the mdicat method oTnugnetia'*^'' 
trm: f.r< r.&-nfi 1: idaits of three nwdificniioas; that ii to ^ | '^ 
thf *it- :,- r»c marT^Kiw-i taiT have the magnetic Tirtue imptf^ 
I."* .: : 1 Trji-rt ."ifcTcj? ^:h azxAher mainiet. or br dnrimg ^f^ 
of zSi .k:u-' & .^.c :is sur&ee, or br being hdd m eoBtaci^^ 
liw }vi!c k-f a m&f ^K. and iben being strud: vitb a p0^ 

«-,& :«-,« ' tt * 

Pi rrif-rc ex: tart the end of the steel which toocfaes tbeP^ 






1 



o: :i TT. .r"i* a»v.::-rts a d'»:Tn:iar m&gnetism to that ^'^ - % 
p: -i -v.::. ^-...cr^ :: i* in roiriact- and its other end acqui^.o. 
"..•i£T;::.*r- <.7:..\s^r ^c* that of the pole. The magnetic dl^ 
tc\.r.-. . f : "c :■».».: y i*. r.isturivd by the pole at the point of ^-\^ 
:a;:. :r-i j.i^irr.llir rraiinrtisTii i* attracted, and the aflf* ,^y> 
ri .li .Hv; ; a:.- .:" :ho K^si*"* mass i* not too large, thb effect is I' 
paiTt :*.'.; ::.-*v.ii:bo;:i the whole of the body. ^1*^ 

.". "^^ rrjiT. Touch one end of a sem-ing needle with ^ ^^ 
rt>r:.: :ii>!r of a ma^et ; on separatins; them you will /^ |^» 
i^if:: ::.-(.- onn which was in contact has become a south p^^ 
An.': :":!C .'thor a north pole. "^^^ 

>"." >!».:? />/»f. Touch a needle in the middle with ^^^^^ 




Pi>Mh piVie of a maimet. its middle will be a south pole, & 
h< tviroir.itics will lie north poles We have thusobtai; 
a Tna^iot with three pole's and in a very simple manner 
fisiailc noo»ile of more or less accuracy. (§ 448.) 

Thi'-d KrjTt. On a clear polished steel surfkoe dra 

lipire whatever with the pole of a powerful magnet, th^ ^ 

sprinkle iron filings upon the plate, and they will remi^ 

Misponded wherever the magnet has passed. 

Tiu' m.icnetism thus imparted is however, less powerful tb»-^ 

fh.if ciTr.municated by drawing the pole of a magnet sever^* 

ti in« .aUwii the bar whicVi is \o \>e TSMkgl«^M«A. TW touch ^^ 
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&id to be single or doublet according as it is effected with one pole, 
*T with the opposite poles of tvro magnets at once. 

The process may be explained in accordance with the 
theory advanced in § 441., if we suppose the pole of the magnet 
which is drawn along the bar of steel to separate the polar 
forces in every particle of the steel in such a manner, that 
the opposite magnetism to its own is excited in the direction 
in which it is moved. This motion will correspond exactly 
to that which may be observed in iron filings, strewed on a 
smooth plate of glass, when a magnet is passed along the 
under-surface of the glass. At the points above the poles, 
the particles of iron are seen to stand upright, the ends next 
the pole have an opposite magnetism to it, the ends more 
remote a similar magnetism. As the pole of the magnet is 
moved forward, the particles of iron fall down so as to turn 
their dissimilar poles to Ihe pole of the receding magnet. 

The single touch is performed by placing one pole of a 

magnet in the middle of the steel bar, and then drawing it 

evenly along to the end of the bar ; when it has reached the 

end, the magnet is returned again through the air to the 

middle of the bar, and the stroke is repeated in the same 

direction. When this has been done several times, place the 

other pole in the middle of the bar, and proceed as before. 

Two magnets may be placed together with their dissimilar 

poles in the middile of the steel bar, and then be moved in 

opposite directions towards its two extremities. Each end 

of the bar which has been thus treated becomes a pole 

Opposite to that with which it has been stroked ; i. e. the 

end which has been operated on with the north pole of the 

Hiagnet becomes a south pole, and vice versa. The bar will 

be impregnated more powerfully if its ends are laid on the 

poles of two magnets so that contrary poles of the bar and 

of the magnets may be in contact. This is the mode most 

generally adopted in forming an artificial magnet to be used 

as a needle. 

To magnetize a bar of steel by means of the double touchy 
two bar or horse-shoe magnets are fastened together, so 
that their dissimilar poles may be about \ of an inch asunder. 
This will be done most conveniently by inserting a small 
Wedge of wood or paper between them, and tying the 
magnets together. Tlie apparatus thus arranged is placed 
Vertically on the middle of the steel bar, and is then drawn 
towards the end of it, care being taken that neither of the 
poles glides over the end of the bar ; the magnet is then re- 
turned towards the other end, and so on. Instead of thus 
combining two bar magnets, a horse-shoe magnet may be 
used i£ its poles lie pretty near togeiVv^T. In ^\M>c\^t ^wa^ 



soo 
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the process is eoncluded bj dnwing the magnet only kdf 
way along the bar,' and then sliduig the magoets off sidi- 
ways. The poles will be dissimilar to those it the magnst- 
It will be found advantageous to lay the ends of the btr on 
the poles of two magnets in the same way as when ihtvB^ 
touch is used. The ctom iomeh is merely a modiieitifln 
of this experiment, by which the operator is enabled to 
magnetise two bars of steel at once. This can, hovefer, be 
better ]>erformed otherwise, as we shall explain presently> 

A bar in the form of a horse-shoe is very readily ToaiS^ 
ized, as its two ends are easily connected by means n * 
keeper, whilst the magnet is being drawn across ^^ *>>^^ 
the point of saturation is sooner arrived at. The metboo* 
already described can be applied to the magnetising of btf^ 
in the form of a horse-shoe ; but the following mode, inye^^^ 
by Hoffer, is superior on account both of its sim^^icity *^ 
effectiveness. 



Fig. 141 a. 



Fig. 141 6. 
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If there be only one horse-shoe N to magnetize (^g. Ml t^^ 
it will be best to set it fiat on a table, and laying against -^ 
ends a piece of iron as a keeper K, place a horse-sh^ 
magnet M, whose legs are at exactly the same distant 
asunder as those of the bar to be magnetized, with its pol^ 
perpendicular to the keeper ; and holding it still in this pos:^ 
tion, draw it along towards the bent part of the horse-sho^ 
on reaching which the magnet is to be brought back to it^ 
original place on the keeper without touching the bar as i 
returns. It is then to be drawn as before along towards th^ 
curved part of the bar. After this has been performed fron) 
four to six times, the steel will generally be found to have 
acquired a pretty strong magnetic power ; the polarity ot 
each leg will be similar to that of the leg of the magnet 
which stands on it. The touch may be performed in exactly 
the opposite direction, the magnet being drawn (M,^^. 141 b,} 
from the curved part N of the horse-shoe towards its ex- 
tremities, and in this case the keeper vrllL not be required. 
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Eioh 1^ too will ■cquire m oppoaiW nUj^etum to that of 
the juAc which reals on it. If it it wiibed to magneliic tva 
equal hone-shoea at oDCC, thej are placed, as ahown mJSg. 
HI b., with their ends cloae tojsetber, ao « to form a M>rt of 
ellipse, and tbe magnet M is drawn from end to end. — If 
the magnet be large and heaiy, ay lOlba or more in weight, 
tfaeae manipulations would be difficult, or altogether imprae- 
ticaUe. The arrangemeul made b; Von Veat maj, therefore, 
be adopted with conienieDce. 'llie magnet M (^;. 142.) it 
laid on a table, to that iia poles pngeet orei the edge ; it is 
tecored in its pncition, either by n 




the hort 



B bent part of it. 



Then hold 



Bgamst th 



rtical position 
he magnet, a keeper being 
ij held to the endt of the 
horae-Ehoe. Be earefiil that the 
end intended to be made the north 
pole of the horse-ahoe be in con- 
tact with the north pole of the fixed 
magoel. Now press the horse- 
■hoe down in the direction indi- 
cated by the arrows in the dittgrani 
till the curved part touchy the 
poles of tbe magnet; then invert 
the shoe, so that the keeper comes 
uppeimosli place the aimilar pales 
together, and move the horee-ahoe 
upwarda tilt tbe curved part Again 
tduchei the poles of the magnet. Once more rererte 
the position of the plate, ao as to place it ju« aa when the 
Operation began. The procesa may be repealed >a long at 
ii requiute, care being taken to keep tbe umtlar poles 
together. Tbe touch may in thu case be rerened, and tbe 
keeper may be dispcnaed with, only minding to put that 
leg of ttie plate which is marked for a north pole against the 
eouUi pole of the magnet. With regard to ihe relative 
efficiency of thete dificrent modes of toudi, Von Vest's ei- 
perienee goes to prove, that it depends on the indivldusl 
peculiarity of tbe ileel itself, as be found that aome plates 
were more powerfully magnetised by the first method, and 
olhen by the second or third. Von Mobr'a method is pre- 
dsely the same as HoSer's second, excepting thst before the 
magnet is detached from tbe bone-sboe it it used to im- 
pT^nate, a keeper it placed against each of them. 

Tbia method of touch may alto be employed for mag- 
MtisiiV >«o or nK>ra bts at omee. ¥oi <Uu '^tyuk^ki 



30e lOtni CAIVIKD wt tuoHE-rs, 

Tot vhicfa reaion horsc-sboc msgntta ute superior la btl-atffitli I 
of ftimilu duDCDsions and cbaracter. It hai further been ue 
tained that uoill magneU have a much grcnccr relitiie laat it 
large OQU. 

Wben nrngnetisin is excited in a piece of Eteel if < 
ordinary mode b; friction nich amagaet, it would mm U 
iti iaductire power is able to oierconiE the coerciie ff 
of the Bteel, onlj to a certain depth belov the surfact;!^! 
we Bee why smaM pieces of ateel, especiallv if not rtilj ^ 
■re ahle to carry greater relative weigbts thun large Oiffx 
&r liaae Newton wore in a ring a magnet weighing oolf 

.1 graioa, which would lift 7eo gruns, i. e. 250 time! ' " 

weight 

Bsr-magnets are seldom found capable of carrying iwii* 
than their own weight, but horw-shoe magnets of amiW' 
lleel will bear CDUaiderably more. Small onel oF ^0^ 
\ an ounce to 1 ounce in weight will carry from 30<°r~^ 
times their own weigh^ while such aa weigh from 1 to 2I''* 
will rarely carry more than from ID to 15 times theirwi^]^ 
The author found a 1 lb. horse-shoe magnet that he itBV<^. 

» Dated by means of (he feeder,. able to bear 56} times it! Q^. 
weight ; and Fischer having adopted the like mode of ""^.t 
netiiing (he steel, which he also carefully heated, bas 10*^0 
magnets of from 1 to 3 llja. waghtl that would carry ^^3 
times, aud othera of f^om 4 to 6 lbs. weight that would C"^^ 
ZO times their own weight. Both the form and mateiiA''H 
the feeder seein to influeiice its capacity for conveying * j 
magnetic influence. It should be of tbe purest iron, and f^^ 
fectly free from carbon ; its fhce should bo very smooth, t^< 
the contact with tbe pole of the magnet may be as compl^j 
« possible; and its form should lie rounded, so as la ^^ 
lemblo a cylbdcr. Until lately tlie construction of cor' 
pound magnets of eitraordinarj power has been ralhet 
matter of curionty and dilettantism than of any praetic^ 
utility ; but since the invetition of the electro-iuagnetic m#^ 
chines, in 1833. a necessity has arisen tiir the construction v' 
powerful magnets, and hence it has become of importance 
to ascertain the most certain and expeditious methods of im-' 
parting magnetic virtue. 

M. Hucker, the pliilusophical instrument maker at Niirn- 
berg, haa discovered a law, the accuracy of which is con- 
Armed by Ohm, for calculating from the weight of a horse- 
! magnet the load it wall carry ; or if the load be givett, 
weight of the magnet. ITiij law be arrived at after 
performing a great number of experiments with horse-shoe 
magnets of all sites, which had been magnetized to tbe point 
flfntunlton. (^4jS.) 
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BACKBft's LAW. S07 

- Let » be the ratio of the magnet's suspensive power to its 
weight, W its mass or weight, then 

I.) o=»yw 

or log. a=:log. n + J log. W ; 

a being a constant magnitude, which expresses the suspensive 
power of a magnet of some certain weight, which is assumed 
as the unit. M. Hacker selected 1 Bavarian loth=:} oz. 
English very nearly (the Bavarian lb. being fj^ths of the lb. 
avoirdupois, and the loth being the 32nd part of the lb. ). From 
his experiments with a great number of horse-shoe magnets 
he found the mean value of log. a =» 1*600. 
The above equation may be therefore converted thus : — 

1 '600 == log. n + } log. W \ ounces ; 

Whence for the ratio of its suspensive power, 

log. »=l-600-i log. W 

and for the weight, 

log. W=3Cl-600-log. »). 

Kow let z be .the weight it will carry, then for n in equa- 

tton I.) substitute ^, and we have 



ass 



and, consequently, for its suspensive power, 

hence it is seen that the suspensive power z increases as the 
square of the cube root of the mass : and the first equation 
ibows that the ratio of the suspensive power n is inversely 
as the cube root of the mass. 

Let to W express the weights, and z Z the suspensive 
powers of two magnets, then they are to each other as 

io» : w»=z» : z», 

or with equal vahies of a, the squares ot the weights or 
masses of horse-shde magnets are as the cubes of their sus- 
pensive forces* 
To estimate exactly the intensity of magnetic forces, especially 
of small magnets (such as compass-needles), or to investigate the 
difference of such forces, we must have recourse to some other 
mode than that of finding^the loads they would respectively carry. 
The most correct method b by means of Coulomb's Torsion 
Bi^nce (§ 92.), or by experimenting on the oscillations made, as 
<i(8cribed m § 449. 

The measurement of the magnetic intensity by tli^ s'vVst^.- 
laooA a needle performs depends on the Xttvv, i^«x tW jorc^ 
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. .t« .owMKv. nua^ by tins 
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/fj?. ^. Voi. I. 'J. :V5.r tfa« dneury 

.. >^.:lv:-: ■«» uTVocw >t,«;ii .A4'iJi.ii«a u ^ .*^ \ Im used as* 

...^..wLuuiK.w«k» u ciify '.iK: :»rv«:v<iiD||^ 'ftw, Ulna ibt tht bar 

. -^ .>»«.i.cui.b .1 LM^u«.u£ca K:«al<:> ^iiich ;» tu eiinM to a 

«.^^v. I, (. ''^:»& u 'iu: 'ua^iwuc 'iwriiiituu vitfaout tbie wire 

K^ii^ iKikOv '.wisi«.ti. Now. briii|c '.ui» utwiile in this plane 

.1 'i^ jM.iii&iiouii, curuiug it tuworus chti !»unilar doI* of a 

iia^ii(.L, uid -«;|JuIsiOU will, of v.*ouRW» «ii»uii. W« win 

>u2^^o«c- the JUigia ot' m^ulsioa tu b« 'lA'^^ vui if we ^Te to 



'OWIK or MA6WTS MSASURXD BT THK TORSION BALANCE. 311 

It an opposite torsion of 3 x 360= 1 080^, the deflection would 
be only 17^. But by the preceding experiments we already 
know that if the magnet of a torsion bidance be turned 35°, 
it will be deflected about 1^ from its polar position ; if its 
deflexion be 24^, then the torsion it has suffered must be 
24 X 35=840<' ; if it be 17^ 17 x 35=595. Hence the de- 
flecting power which causes an angle of repulsion of 24^ 
is to that which causes an angle of repulsion of 17^, as 
24 + 840 : 17 + 1080 + 595 « 864 : 1692, or nearly as 
1:2, whilst the squares of the deflections will be as 24' 

' : 17"=576 : 289, or nearly as 2 : 1. 

By means of this apparatus, the intensities of different 
magnets may be proved. For this purpose, deflect the 
xieedle of the torsion balance by the pole of the magnet 
ijnder investigation, some certain distance from its normal 

position. By turning the wire in the opposite direction, 
t:he needle can be carried back to any angle of deflection 
'whatever. With the pole of another magnet, or with some 
other part of the same magnet, proceed as before, taking, 
care that the force shall act from the same point in each case, 
and that the needle is brought back to the same point. Then 
the intensities of the two magnetic forces are as the angles 
of torsion of the wire. For instance, if the needle must be 
turned back to 90^, in order that the magnet m should 
deflect it 10^, and if it had to be turned 290° for another 
magnet M to deflect it as much, then the intensities of these 
two magnets would be as 90 + 10 = 100 to 290 + 10=300, or 
as 1 : 3. 

§ 457. 

^e have already (§ 438.) stated that magnetism may be in- 
duced in bodies susceptible of this influence, by merely bringing 
them within the atmosphere of either a natural or an artificial 
niagnet : the part nearest to the magnet acquiring an opposite 
polarity to that of the pole, within whose magnetic circle it is 
placed. 

This mode of exciting magnetism is far less effective than 
either contact or friction. It is more powerful in its influence 
on soft iron than on steel, for reasons already assigned (§ 452.); 
bttt in both, its effects are but temporary. — The experiments 
described in § 439. are a proof of this. 

• Terrestrial magnetism especially operates in this manner upon 
all bodies susceptible of this influence, as is seen in the magnetic 
properties acquired by bars of iron or steel placed in a vertical 
position, or better still, in the direction in which the directing 
force of the earth's magnetism acts. (§ 447.) Bodies so placed in 
the northern bemisphere iiave theit u^pn^x exXx«m\>A«& <io\c%^x\.^ 



into aouth po1c«. and their lover endi into north poles. At bx 
as piUriry i* concerned, theie' cimimsUuices are reversed m tbe 
oiImt hemisphere. — As a pixMi^ tee the experiment givtn in 
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§458. 

Nnft iron becomes magnetized by a Tariety of mtAade^ 
op''*'ittions, which probably have the effiict of disturbing ^ 
nui^m*tic equilibrium of its eoostiuient particles. Thus, tn i^ 
bar acquires magnetic properties by striking, filing, twiftii^ 
coolinp rapidly, &c. ; and it is a veil known fiut that iroo *^ 
«teel tix>lv «uch as gimlets, nul-paasers, files, and the like, >^^^ 
having been wme time in use, become so fiir magnetised ss ^ 
take up iron-filinp : an iron bar will be most quickly magned^^^ 
it' ^uinoctod to such treatment vhLle held in Uie position of t>^ 

rir»t I'xfit. Hold an iron bar, about tvo feet long, intl^^^^^ 
position of the dipping-needle, and strike its upper txP'^^ 
^nvirtly with a hammer; its lower end will immecUiteT^^^ 
Kvonic a tolcrnhly poverful north polei and tbe upper 
v>uth ]m\c. The magnetism thus imparted vill be stil 
more powerful if the lover end of tbe bar be placed on 
ntiso of iron when struck. 

Vi,Mni/ I'.xpt. If a bar of iron be noade red-hot, by which 
tn.vtnv its oixTcivc power will be greatly lessened (§ 452.), 
ni.. i!ii<n fitiinp^d into a vessel of cold water (observing, at 
r.>, vnn, tunc, to hold it in the position of the dipping- 
n.vsii, I. i: will iv found to be polarised, and to have acquired 
.. .-.^nvhio'-ahlr ilopTiH!' of ouignetic force. 

i)«,*v,^ nhtMKimoiiA. it appears plain that these bodies are 

voTiiJoPtMl ningnotic by induction from the earth, and 

».v'hsm,Ml iroaimont to which they are subjected merely 

nioro nvi.lilv to allow of the separation of the 
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§ 459. 



-. «v.<k.Osi<>. ^-0 tM opinion that magnetic virtue i» 

ih. r»#»V -ny*. The results to which the 

•. , .s«<S «^si to-. Mscortaining this point have con- 

^ ^ . •:« i.n SidaH pieces of iron, or soft steel 

....,,....» '1 •• i^s « hA«l t>ne end polished, and if this 

... , .. »,«••>« t.»v to the Action of the white light of 

« ..,^. i.A ^,«.s- ^..i'tsvuvi to the violet rays of the 
, .1.. .■■Vs • «« <»« i\isvloo«sl Mill more speedily. In 

I ....^, v.. m ^,v .H«\VftAXWxv\ \Ti \\& c\vax«!e\«t.^ and 
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MAGNETIC TXRTUE OF THE 80LAK &ATS. SIS 

e illuminated end of the Tvire was a north pole. The mag- 
tism thus induced is extremely fbeble» and the experiment has 
en successfully conducted only during the longest days of sum- 
r, aiid under favourable circumstances as regarded the state of 
e 'Weather. These experiments have been repeated by other 
lilosophers ; but the results have been doubtful, and we are not 
trranted in stating positively that the sun does possess any 
^^netie influence. 

Morichini, in 1812, was the first who announced that he 
had magnetized needles by exposing them for some time to 
the action of the violet rays of the solar spectrum, which he 
concentrated by means of a lens, ^d threw down on the 
needles. His colleague Barlocci believed that he accelerated 
the process and rendered the magnetism more Intense, by 
moving the image of the violet rays from the middle of the 
needle towards the ends, which he placed north and south, 
* moving it pretty much as we do a magnet when using it 
to impregnate a steel bar. Mrs. Somerville, in 1 825, repeated 
Morichini*s experiments with certain modifications ; such as 
covering one half of the needle to be magnetized with paper, 
and exposing the naked half to the action of the violet rays. 
After some time she found the needle was rendered mag- 
netic, and the end acted on by the light was a north pole. 
Professor Baumgartner, in 1826, found that needles from 
one-third to one-fourth of a line in thickness, if they were 
polished only at one end, and were either rough or stained 
with some dark colour in the other part, were rendered mag- 
netic by exposure to the sun's tays, and that the polished 
end was invariably a north pole. Lastly, Zantedeschi, in 
1829, verified the preceding experiments, and found that the 
needles must not be more than one-fourth of a line thidk, 
and that they must not be too hard if the experiment is to 
be successful ; and lastly, that the most favourable tempera- 
ture foV this purpose is from 77*^ to 91° Fahr. 

Shortly after Morichini's announcement, Configliarchi 
called in question the accuracy of his statements ; and Reiss 
and Moser are of opinion that the sun docs not possess the 
magnetic properties some have been disposed to attribute to 
his rays, as in a set of experiments they performed at Berlin 
in 1829, they subjected the half of a number of needles two 
hundred times to a focus of violet light, and subsequently 
tested the duration of their oscillations without finding the 
least difference to have been caused which could lead them 
to believe they had been rendered magnetic. 



